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AUTHOE'S  PREFACE. 

In  making  my  preparations  for  the  publication  of  an  eighth  edition 
of  my  "  Treatise  on  Patliological  Anatomy,^  I  hesitated  for  a  long  time  in 
regard  to  what  method  of  revision  I  should  adopt.  During  recent  years 
a  munber  of  manuals  of  pathological  anatomy  have  been  published,  and 
the  authors  of  these  seem  to  have  laid  stress  upon  the  point  that  a  text- 
book intended  for  the  use  of  medical  men  should  deal  with  the  subject- 
matter  in  the  most  concise  manner  possible ;  they  believed,  evidently, 
that  compendious  treatises  of  this  nature  would  tend  to  promote  the 
study  of  pathological  anatomy,  and  would  at  the  same  time  render  the 
student's  task  easier.  I  caref  idly  examined  a  niunber  of  eompends  of 
pathological  anatomy  which  had  been  written  from  this  point  of  view, 
but  they  failed  to  convince  me  that  this  was  the  most  useful  manner  of 
treating  the  subject.  In  the  first  place,  it  is  not  possible,  within  the 
limits  of  a  small  compend,  to  treat  general  pathology  and  pathological 
anatomy  in  a  scientific  manner.  Then,  in  the  next  place,  it  is  extremely 
difficult,  owing  to  the  richness  of  the  material  at  our  disposal,  to  avoid 
treating  the  subject  in  such  a  manner  that  the  book,  when  completed, 
shall  not  present  tlie  characteristics  of  a  mere  catalogue  of  facts,  which 
would  scai'cely  convey  to  the  reader's  mind  a  clear  conception  of  the  pro- 
cesses that  take  place  in  tlie  living  bodv  when  it  or  any  of  its  organs  are 
diseased,  and  which,  fiu-thermore,  would  compel  the  beginner  to  merely 
commit  to  memory  tiiose  things  which,  by  the  aid  of  his  i*easoniug  power, 
he  should  make  a  permanent  and  useful  part  of  his  medical  knowledge. 

It  is  possible  that  if  a  compend  were  gotten  up  in  the  form  of  a  cate- 
chism, it  might  prove  helpful  to  a  certain  number  of  students  in  acquii*- 
ing  a  knowledge  of  the  principles  of  general  pathologj'  and  pathological 
anatomy.  Nevertheless  I  am  disposed  to  believe  m&t  the  number  of 
those  who  would  derive  satisfaction  from  such  a  catechism  must  indeed 
be  small.  General  pathology  and  pathological  anatomy  should  constitute 
the  foundations  of  that  knowledge  which  is  to  enable  the  practitioner  of 
medicine  to  interpret  correctly  the  symptoms  of  disease  as  they  present 
themselves  before  him  at  the  patient's  bedside.  It  must  be  conceded,  I 
think,  that  simply  a  knowledge  of  the  definitions  given  to  the  technical 
terms  commonly  employed  in  describing  different  pathological  processes 
that  take  place  in  the  living  body,  or  merely  a  superficial  insight  into  tlie 
pathological  processes  which  affect  individual  organs  and  tissues,  can 
scarcely  suffice  to  furnish  the  practitioner  with  the  fundamental  know- 
ledge which  he  requires  for  the  satisfactory  study  of  clinical  medicine. 
He  might  be  able,  it  is  true,  when  called  to  treat  a  patient  who  presented 
certain  well-defined  symptoms  of  disease — as,  for  example,  tliose  belong- 
ing to  an  inflammation  of  an  important  organ — to  form  an  approximate 
idea  of  the  nature  of  this  disease,  and  at  the  same  time  he  would  also 
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probably  take  satisfaotiou  in  the  thought  that  he  had  already  be^n  in- 
structed ill  I't^^ftixl  to  the  oceurrence  of  tliis  vei-j*  malady  iu  tliis  particular 
organ.  But  he  certairdy  would  not  be  able  to  form  a  clear  conceptiou 
of  the  essentia]  natui'e  of  the  eutire  prfjeess,  or  to  analyze  all  the  little 
pathnloyical  features  whii-h  are  dei>eiident  u|»u  tlie  peculiar  construction 
of  tlie  orj^an  affected;  in  a  word,  he  would  not  be  able  to  interpret,  in  its 
fidl  breadth  uud  depth,  the  sijfuitieance  of  the  disease  under  observation. 
In  his  endeavore  to  understand  each  new  t\-pe  of  disease  he  would,  by 
reason  of  his  lack  of  a  proper  traiuiug  in  the  fundamental  pnnciples  of 
medieiiie.  find  liiii  pathway  constantly  stivwed  with  diftieulties,  juid  he 
would  be  forced  in  a  slow  and  plixldinpr  fashiou  to  cornTiiit  to  memory 
the  seipience  of  (symptoms  us  they  occur  in  any  given  disease.  Then, 
besides,  he  would  fail  to  gnisp  the  connection  between  the  latter  and 
other  eorrehited  symptoms.  On  the  otlier  hand,  if  he  had  previously 
received  pn>i>er  instnietion  in  the  fundamental  knowledge  required,  he 
would  at  once  l>c  able  to  undei*stand  correctly  the  natnre  of  the  malady 
which  he  has  Ih'cu  called  to  tivat. 

Bearing  all  these  things  in  mind,  I  felt  as  if  it  were  perfectly  clear 
what  my  aim  ought  to  l>e  in  preparing  tliis  new  edition  of  my  "Treatise 
on  Pathological  Anatomy."  In  the  ftrst  place,  it  seemed  to  me  that  I 
should  strive  to  perfect  the  kutiwledge  of  the  mode  of  origin,  nature,  and 
significance  of  diseases  as  they  oc^ciir  in  the  living  body,  and  consequently 
that  I  shctuld  make  .such  inqtrovi'ments  and  alterations  in  the  text  as 
would  cany  <int  this  idea.  Ah  a  matter  t.if  course,  iu  making  this  revision 
I  did  not  forgft  for  a  moment  that  descriptions  of  histological  and 
I>athologico-anatonncid  idterations  must  continue  to  form  tlie  foundation- 
w(»rk  of  the  l)ook.  Ku«)wing.  also,  from  p.\pt»rience  how  greatly  good 
iUustrations  aid  the  rea<ler  in  understanding  tlie  nature  of  these  altera- 
tions, it  fit'cmed  to  me  that  I  ought  to  provide  a  certain  number  of 
additional  cuts,  carefidly  prejmred.  At  the  same  time  I  felt  as  if  more 
space  than  was  given  to  these  niattens  in  the  pie*!ediug  editions  should 
be  allotted  to  the  considemtion  of  pathological  pnx*esses — theii*  causes, 
tlieir  niixJe  of  origin,  the  conrs^^  which  thoy  pursue,  and  their  seipiel». 

In  performing  the  task  wliieh  I  had  thus  set  before  me  I  found  that 
extensive  alterations  were  necessary*',  especially  in  that  part  of  the  work 
which  treat*  of  general  pathologj'.  On  tlie  one  hand  I  fi»und  it  neces- 
sarj*  either  to  greatly  alter  or  actually  to  rewrite  certain  chapters,  while 
on  the  other  I  wa«  obliged  even  to  introduce  entirely  uew  chapt<*rs.  In 
rtnnrHlelling  tliis  g»»neral  portion  of  the  work  special  consideration  has 
been  given  to  the  subjects  of  general  etiolog^'  of  diseases  and  pathvdogi- 
cal  physiologj'.  and  in  harmony  with  these  idterations  it  has  seemed  to 
me  ailvisahle  t*^  change  also  the  title  of  this  general  part.  Accordingly 
I  have  abandoned  the  former  title,  "Oenend  I*atlH)logical  Anatomy,*' and 
have  substituted  for  it  that  of  "Oenerid  Pathology*.*'  The  present  work, 
it  is  true,  does  not  cover  the  entin*  field  of  general  pathology,  but  never- 
theless it  does  treat  of  all  those  portions  of  tlie  subje<'t  which  are  ordi- 
narily tanght.  at  least  in  the  German  universities,  by  the  chairs  of 
I)athologicjil  anatomy  and  general  pathoh)g)*. 

The  section  which  deals  with  the  causes,  mmle  of  origin,  and  conrse 
of  disea.ses  hius  with  the  exception  of  a  few  pages,  been  entirely  rewritt*>n 
and  gi*eAtly  amplified;  and  I  have  gime  more  thoroughly  in  the  jircftcnt 
wiiiion  than  I  did  in  the  earlier  onea  into  the  subjt*ct  of  the  origin  of 
diseases  from  poisiuiing  and  from  iufeotioo.  hoping  thereby  to  provide 
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the  beginner  with  a  thoroughly  clear  and  simple  description  of  the 
pathological  changes  wliich  take  place  in  these  diseases.  Furthermore,  I 
nave  given  full  consideration  to  the  subject  of  the  dissemination  of 
pathological  foci  throughout  the  body  by  means  of  the  processes  known 
as  metastasis  and  embolism,  by  means  of  poisoning,  or  by  means  of  the 
extinction  of  certain  glandular  functions ;  and  at  the  same  time  I  have 
explained  the  relations  of  these  foci  to  pathologically  altered  functions. 
Among  the  diseases  which  owe  their  origin  to  the  extinction  or  modifica- 
tion of  certain  glandular  functions  I  have  given  careful  consideration  to 
diabetes  mellitus,  to  the  cachexia  which  results  from  a  withdrawal  of  the 
influence  exerted  by  the  thyroid  gland  upon  the  economy,  to  myxoedema, 
to  cretinism,  and  to  Addison's  disease. 

I  have  introduced  special  chapters  on  the  protective  mechanisms  and 
forces,  and  on  the  healmg  powers  of  the  human  body ;  on  certain  inher- 
ited and  acquired  weaknesses  or  predispositions;  on  idiosyncrasy  and 
immnnity;  and  on  the  acquisition  of  immunity  through  the  fact  of 
one's  having  already  experienced  an  attack  of  the  disease,  or  through 
inoculation ;  and  it  is  my  hope  that  these  chapters  will  not  only  supply 
the  practical  needs  of  the  medical  practitioner,  but  will  also  serve  to  in- 
crease the  existing  stock  of  knowledge  in  regard  to  the  origin,  course, 
and  essential  nature  of  diseases,  and  particularly  of  those  which  are  due 
to  infection  and  poisoning. 

The  chapter  on  the  causes  of  internal  diseases  and  on  tlie  inheritance 
of  certain  pathological  conditions  will,  I  think,  be  found  to  supply  not 
only  a  clearer  bird's-eye  view  of  the  subject,  but  also  at  the  same  time 
more  complete  information  tlian  did  the  same  chapter  in  the  earlier 
editions. 

The  section  relating  to  disturbances  of  the  circulation  remains  un- 
changed in  its  general  features,  but  it  has  in  many  respects  been  made 
more  complete  than  it  formerly  was ;  and,  besides,  it  has  been  furnished 
with  new  illustrations. 

In  the  section  relating  to  retrograde  disturbances  of  nutrition  and 
infiltrations  of  the  tissues,  the  chapter  devoted  to  hypoplasia,  agenesia, 
and  atrophy  and  that  relating  to  pigment-formation  are  the  ones  which 
have  been  remodelled  to  the  greatest  extent.  In  the  section  devoted  to 
hypertrophy  and  regeneration  I  have  introduced  all  the  alterations  and 
additions  which  the  investigations  of  recent  years  in  regard  to  these 
processes  rendered  necessary. 

The  section  on  inflammation  has  been  entirely  rewritten,  and  the 
definition  which  I  now  give  of  this  process  is  the  same  as  that  wluch  I 
suggested  two  yeai-s  ago  and  published  in  pamphlet  form.  I  am  well 
aware  that  my  views  in  regard  to  the  nature  of  inflammation  will  not  be 
genei-aUy  accepted,  and  yet  I  cannot  help  hoping  that,  in  giving  this  new 
explanation  of  pathological  changes  which  have  received  such  varied  in- 
terpretation at  the  hands  of  different  authorities,  I  may  have  succeeded 
in  furnishing  satisfactory  proof  that,  on  the  basis  of  the  \'iews  here  set 
forth,  all  the  different  processes  which  play  a  part  in  inflammation  may 
be  arranged  in  comprehensive  groups ;  and,  furthermore,  that  the  sepa- 
ration of  the  reparative  processes  of  proliferation  fi*om  those  which  belong 
more  strictly  to  inflammation — which  latter  are  characterized  by  a 
degeneration  of  the  tissues,  coujJed  with  an  exudation  of  pathological 
fluid  products — is  in  harmony  with  the  practical  needs  of  the  physician 
&s  well  as  with  the  unprejudiced  I'etjuirements  of  science.     In  describing 
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tlie  healing  processes  which  take  place  in  the  course  of  an  iuflammation, 
the  funuation  of  grauiUations,  the  resorption  of  necrosed  tissues  and 
exudations,  and  the  substitution,  in  their  place,  first  of  granulation  tissue 
and  then  of  cicatricial  tissue,  I  have  striven  by  the  aid  of  numerous 
pictorial  illustrations  to  make  it  easier  for  the  student  to  understand 
tliese  important  processes,  and  at  the  same  time  I  have  endeavored  to 
manage  my  descripti>'e  t<»xt  in  such  a  way  that  it  should  throw  light 
upon  tliose  diseases  which  are  most  commonly  encountered  in  actual 
medical  practice. 

The  sections  which  relate  to  tumors  and  malformations  remain  funda- 
mentally the  same  as  they  were  in  the  previous  edition,  and  yet  in  both 
of  tliese  sections  I  have  rewritten  the  portions  which  refer  to  the  general 
aspects  of  these  subjects,  and  at  the  same  time  I  have  altered,  im])roved, 
and  ami>lifted  many  of  the  i-emaining  pai-agraphs  in  these  sections ;  this 
statement  being  j>ai'ticularly  true  of  the  paragraphs  relating  to  oystomata, 
teratomata,  and  transposition  of  tissues. 

In  the  section  devoted  to  i>arasites  I  liave  given  due  weight  to  the 
results  of  recent  investigations,  at  least  so  far  as  they  seemed  to  me  to 
l>e  thoroughly  established.  I  have  treated  the  infectious  gi'auulation 
tumors  as  heretofore  ui  the  section  devoted  to  parasitic  diseases,  for  it 
woxild  scai-eely  Ijc  possible  to  acquu'e  a  complete  understanding  of  their 
nature  and  significance  unless  fuU  account  were  taken  of  the  relationship 
which  exists  l>etween  their  peciUiarities  and  the  special  nature  of  the  ex- 
citing cause. 

As  a  result  of  all  these  alterations  and  additions  this  general  part  of 
my  text-book  lias  in<'reased  in  bulk ;  but,  as  I  have  ah-eadj'  said,  I  believe 
that,  owing  to  the  wealtlx  (tf  material  which  must  be  treated  in  a  text- 
book of  general  pathok>gy,  it  would  scareely  be  possible  to  handle  the 
subject  more  concisely  unless  important  matt^^rs  sliould  be  entirely 
omitted,  and  unless  the  idea  of  explaining  fully  the  phenomena  of  disease 
in  the  living  subject  should  be  abandoned. 

But.  aft^T  all.  the  extent  of  the  text  which  the  beginner  must  actually 
study  is  less  than  one  might  at  first  suppose  it  to  be,  for  the  illustrations, 
■which  have  l>een  increased  in  number  by  the  addition  of  seventy-two,  and 
the  text  printed  in  small  tyjie  occupy  a  good  deal  of  space  in  tlie  volume. 

E.  ZlEGLER. 
Fbeibvrq  im  Breipoav,  November.  1P94. 
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It  has  been  thought  best  to  omit  from  this  edition  the  bibliograph- 
ical lists  which  are  scattered  throughout  the  original  work.  They 
occupy  a  great  deal  of  space,  and  consequently  would  add  considerably  to 
the  bulk  of  the  present  volume ;  they  refer  almost  exclusively  to  books  and 
articles  published  in  the  French,  Italian,  or  German  language,  and  would 
therefore  prove  of  value  to  comparatively  few  students  or  practitioners 
in  this  country ;  and,  finally,  the  publication  of  these  additional  two 
hundred  pages  would  necessarily  add  considerably  to  tlie  cost  of  the 
work.  For  all  these  reasons  it  seemed  advisable  to  leave  them  out 
altogether. 
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SECTION  I.  >N 

f\'        , ,.         A' 

Introduction. — Health  and  Disease.-r-Probfems  of  ' 
General  Pathology  and  Pathological  Anatomy. 

§  1.  When  the  act  of  fecundation  is  completed,  by  the  union  of  the 
spermatozoon  with  the  germinal  vesicle,  there  occur  in  the  ovum  a 
series  of  changes  leading  to  the  formation  of  a  large  number  of  cells, 
and  finally  to  the  production  of  an  embryo,  which,  in  the  course  of  nine 
months  [in  the  human  species],  reaches  a  defijiite  stage  of  development, 
and  is  thereupon  expelled  from  the  maternal  organism.  When  it  is  de- 
ta<*hed  from  the  latter,  its  growth  continues  until  completed  after  a  series 
of  years,  the  attainment  of  its  physical  maturity  being  followed  by  a  long 
period  of  time  in  which  the  bodily  weight  remains  approximately  the 
same.  After  a  number  of  years — the  extent  of  time  not  going  beyond 
a  certain  limit  either  in  man  or  in  the  lower  animals — the  organism 
perishes. 

In  all  Metazoa,  in  which  the  functions  of  the  organism  are  allotted  to 
certain  cells  and  groups  of  cells,  and  in  which,  furthermore,  the  propa- 
gation of  the  species  is  dependent  upon  certain  definite  cells  which  are 
set  loose  from  the  maternal  and  paternal  organisms,  tlie  parents  invari- 
ably sink  into  death.  For  the  maintenance  of  the  species  the  individual 
has  only  this  importance :  it  produces  the  germinal  cells,  and  in  the  first 
stage  of  development  harbors  and  nourishes  them.  Thus,  if  the  off- 
spring be  freed  from  the  maternal  organs  and  be  capable  of  existing 
without  parental  aid,  the  parent-s,  if  incapable  of  further  production, 
have  become  superfluous  for  the  maintenance  of  the  species,  and  sooner 
or  later  cease  to  exist. 

So  long  as  the  human  organism  lives,  and  is  in  a  condition  which  we 
consider  as  one  of  health,  its  manifestations  of  life  show  a  fixed  charac- 
ter, and,  within  certain  limits,  are  the  same  for  all  indi\aduals.  For 
example,  the  bodily  temperature  is  nearly  the  same  for  all  persons,  and, 
notwithstanding  the  changes  in  the  surrounding  media,  varies  only  to  a 
slight  degree.  The  number  of  heart-contractions  in  a  minute  is  confined 
within  certain  limits,  and,  while  differing  somewhat  according  to  age 
and  sex,  their  frequency  does  not  overstep  certain  boundary-lines  for  any 
length  of  time.  The  breathing  is  performed  in  a  distinct  rhythm.  The 
ingestion  of  food,  and  its  changes  in  the  alimentary  canal,  are  matle  np 
of  a  series  of  mechanical  and  chemical  phenomena  which  are  always 
repeated  by  the  individual  in  the  same  way.  The  kidneys  secrete  a  fluid 
which  contains  certain  definite  sul>stances  whicli  are  alwnys  of  the  same 
composition,  and  the  chemical  reactions  going  on  in  tlie  body  always  re- 
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\trttiiw*'  tb<'Miw')v<'h  in  th'r  miuui  way.  Afraiii,  the  nervou}*  system,  central 
Hff'l  |f'ri|f)M'r»l.  H'ith  iu  fiifl-upjiHralUM,  u<;ttj  in  a  oertaiu  mauner,  which 
iliff<'r*t  vfry  UiiU'  in  'liffcn^nt  indivifJimlN. 

Ttif  con'lition  of  ih*^  orffiiniMn  which  wc  designate  a^  disease  is 

(*rin''i|;Hliy  i'Unnu'.U'n7.i'i\  hy  llic  fiwX  that  *«>ine  function  or  functions  of 
lilt'  oiyitninni  /ir'f  no  lonjf'rr  ciim<'*J  oiit  in  the  way  wiiich,  from  the  fact 
th/tl,  it.  in'i'ut'H  ill  all  hiininn  U-inj^K,  in  conKi*hTi'«l  as  normal.  One-  there- 
fitri'  fft'it^ti'm'n  <iiN«'iwc  in  iIm'  \0'fnU'r  or  h-ss  num>>er  of  changes  in  the 
ninnif'-HfiLlionH  of  jifi*,  uml  tUm'iim^  is  nothing  else  than  a  life  whose 
mnnlftftttiitlonii  partly  deviate  from  the  normal. 

NcHi'ly  t'Vfvy  fiin«^l.ion  ihroiij^h  wliich  lifif  manifests  its  relations  to 
Mii>  I'KtcnHtl  worlil  in  l.lic  hnnnin  organism,  for  instance,  all  the  different 
HMil  fifU'tlv  svvy  i'iHu\A'u'tiU'il  |iroi'i*ss4'H  through  which  the  organism 
ii('i'oin|ilJslicN  its  honriHlirncnt,  removes  tin*  products  of  nitrogenous 
niclalioIJHni  from  the  lisNin's,  and  rarcs  for  the  nmint<*nanee  of  tlie  spe- 
t'ii's  tiriiigH  willi  itsi'ir  tilso  ilii'  nnuiifi'Mtations  of  disease.  The  symp- 
lotus  liv  whicli  wn  di'lcnninc  that  iin  individnal  is  diseased  are  of  a  very 
iniuiirnid  Miihirp;  llnis  it.  inav  liaimcn  Mint  the  ftinctionsof  the  organism 
Mi't«  ithTi'iiHi'd  4ir  diniiniHln'il  itr  ilestroyc*),  or  they  nniy  in  a  greater  or 

less  degi dovJHlp  rroni  the  nonnal.     It  is,  furthermore,  very  common, 

In  a  Mtihdilion  of  lllneHH,  llnti  til,  the  sann*  time  n<tt  only  one  function, 
hut  many,  nuiy  vai*v  more  or  less  from  the  normiil,  or  even  Ik*  entirely 
stiNiMMided.  1 1  In  lliererorn  ueeeNKary  to  have  an  4'Xtended  exi>erience, 
ami  it.  r(M|uiri*H  a  tliorougli  Nluily,  l(»  enahle  us  to  recognize  uU  the  phe- 
liomemi.  of  diseitse  and  to  diagnose  eorreet.lv  their  nieainng. 

The  MymptamKof  dlitcaiiciire  partly  Nunjectlve  innl  partly  objective. 
Tit  the  hrsl-  gronii  belong  the  feeling  of  nni*omf<»rlalileness,  dehility,  and 
senN*  tif  pitinl'id  leeling  in  sctine  parlienlar  part  i if  the  body  or  in  mimer- 
ouN  ptU'tN  of  (hi*  lU'ganisnt :  ilyNitnieii,  lightness  of  the  ehest,  piUpitation 
of  I  he  lieiui,  ions  of  appetite.  ehilU,  fever,  ete.  in  sliort,  u  great  numl>er 
itf  pitenontenn  wltieh  an*  n*fen*ed  partly  \o  ehanges  in  single  orgiuis  and 
ttHNiies  tind  {Mtrtly  ttt  mi  ailing  eonditionid'  tlie  whole  organism. 

The  ohjeelive  NMimtoms,  Ms  well  lis  Ihe  snli^ei'livi',  a»v  partly  hn-al 
nnd  pMVlly  gi'Ueral.  Tin*  iu*»)eess  td*  the  llige^lion  of  food  is  often  at 
ftuill  ;  (he  contents  of  the  (towel  miiy  he  hnnietl  iilong  ttto  rapidly,  or 
\m\\  W  ivtai^hMl,  or  n»«y  not  he  tliseharged  a(  nil.  The  hivnthing  is 
elnnigeil ;  «t  times  slow,  then  hurried  :  at  times  shiillow,  then  deep:  over 
the  InugK  in  (hose  eases  ait*  nol  seldom  heiuil  idmornial  sounds.  The 
liearl  eontr:»etioi»s  inv  often  quickened  or  sloweil.  Mivngthem**!  or  weak- 
enotl.  nnd  often  of  an  irr^'guhn*  nntur**:  eoust*<pn't>tIy  the  fn^iuenev  iiud 
rhulon  rtud  quality  wf  l\w  puKt*  rtiv  chHUgt'd.  The  Nounds  whieh  an^ 
heju^l  \\\  the  neighUM'luw^l  of  the  heart  ni;i\  rtlso  U*  ehrtugcd.  or  n'plaetnl 
x\y  t\%^^\\u\^i\\\i\\  h\  new  sounds.  The  \\r\\w  often  e\lnhils  n\\  {ihuormal 
Hppe;iv;»uee.  and  <N^ut,*dus  suKstauet^s  which  jui*  nt»i  uonn;dl\  fonnd  in  it. 
\\\  \\\:\\\\  forms  of  ihseas*^  the  sensitivmess  of  ]yu!ieul;n'  nerves  is  low- 
eiNsl .  u»  othei-s  \\  is  inetv^sed  In  the  mustles  ilien'  is  sonutiiues  nivn^ 
OV  Icns  ^\rtV.'*UsiN;  :»t  olht-r  times  iin«v]niil:lV\  eontr:i.HoUs  ll;  \hr  erll- 
tl'nl  nrv\»Mis  sxstmi  the  »riv,itest  \;iriet\  ot  .i:s!uvU:ni.-r>  .'I  tuiu  li.^r.  ivsriv 
.-ipperir.  delevnnnmi;  etMidilioiis  ot  r\.'.l;»l;.oi  :^v  «.;^  ms  tl..'>r  .'1  .":0'Vis- 
Mt^n  «\v  ^v»r.*»h  sis  Verx  oC'eu  thi^  lss;i;\  1*  r.r.'i  v.-iii::'!  wli"..l.  '.;»■:  :i.ri..y 
onl>  vises  jnuS  fa';s  wilh-.u  *n  vl-'iiii  V.ini^s.  is  .  \^  \:i:<*.j.  kI':.  :;  \!  v\  :i.;(rV ;•.■'.>. 
aKnr  ilio  n»M*r.irtl  ;  ,*»Vid  vVtSl  »NM;ditiou  wh;*h  W)  d<s-.i;:i;»:i  :is  ':  ■  :s 
iiisndx  thsi^otevi;^N?  l\v  the  ui»^ivaj^^  of  the  pri^^vr  >xsniiih  oi  ^hv  ^*^*c,\. 


HEALTH  AND   DISEASE.  3 

Tlie  material  substratum  upon  wliich  the  processes  of  a  healtliy  life 
depend  are  the  tissues  of  the  body — that  is,  the  cells  and  their  deriva- 
tives, of  which  the  tissues  are  composed. 

Diseased  life  is  connected  with  the  same  material  substratum,  and 
what  we  consider  as  its  symptoms  are  the  life-manifestations  of  tlie 
tissues  and  of  the  organs  of  the  human  body. 

The  function  of  a  tissue  is  dependent  upon  the  organization  of  its 
component  parts.  A  kidney  cannot  perform  any  other  function  than 
the  secretion  of  urine,  and  the  constituents  of  the  bile  can  only  be  sepa- 
rated by  the  liver-cells. 

If  the  functions  of  anv  tissue  manifest  a  change  from  the  normal,  it 
necessarily  follows  that  the  organization  of  the  tissue  in  question  is 
changed.  Concerning  the  character  of  such  changes  experience  alone 
gives  an  explanation,  and  experience  has  shown  that  in  most  cases  these 
changes  of  the  organization  result  in  a  transformation  of  the  physical 
ttuike^up  of  the  tissues — that  organs  which  have  functionated  in  a  patho- 
logical manner  are  changed  to  a  degree  that  often  enables  us  to  recog- 
nize by  even  macroscopical  examination  numerous  deviations  from  the 
normal  appearance. 

The  number  of  observations  which  have  been  made  in  i-elation  to 
tissue-changes  in  conditions  of  disease  is  already  very  considerable ;  and 
especially  have  the  improved  optical  appliances  which  the  last  decade 
has  brought  to  our  aid  greatly  increased  our  knowledge  in  regard  to  the 
anatomical  changes  of  diseased  organs.  Since  most  forms  of  disease 
in  man  show  definite  changes  in  the  organs,  when  we  speak  of  disease 
we  now  usually  think  not  only  of  a  group  of  s>^nptoms,  but  rather  of 
a  group  of  anatomical  changes  ;  our  conceptions  of  disease  have  become 
materially  anatomical,  and  we  seek  U>  know  the  character  of  a  given 
disease  by  the  investigation  of  the  anatomical  changes. 

Still  we  are  far  from  being  able  always  to  discern  positively  the  cor- 
responding changes  of  organization  and  structure  of  the  tissue.  Even 
in  very  severe  and  fatal  diseases  (as  epilepsy,  diabetes)  there  are  times 
when  no  anatomical  changes  in  any  way  commensurate  with  the  phe- 
nomena observed  during  life  can  be  proved ;  and  numerous  diseases  are 
accompanied  with  fimctional  disturban(;es  the  seat  of  which  we  are  unable 
to  locate  with  any  certainty. 

Nevertheless  we  may  fairly  assume  in  these  ca^es  also  that  the  dis- 
turbed function  is  grounded  on  changes  of  organization.  That  we  do 
not  know  what  these  changes  are  has  its  foundation  in  this:  either  that 
we  do  not  look  for  them  in  the  right  place,  or  else  that  our  optical  aids 
are  not  sufficiently  powerful  to  bring  them  to  light.  And  even  when 
histological  changes  are  present  we  are  often  unable  to  recognize  their 
pathological  nature,  from  the  fact  that  our  knowledge  concerning  the 
nuclei  and  cells  of  the  various  tissues  is  not  so  far  advanced  tus  to  enable 
us  to  distinguish  in  all  cases  that  which  is  normal  from  that  which  is 
pathological. 

It  is  difficult  to  say  whether  there  exist  any  pm-thj  functional  (dy- 
namic) diMurhances^  in  which  the  tissues  suffer  neither  physical  nor 
chemical  changes.  Provisionally  w^e  aticept  this  in  all  cases  in  wliit^h 
we  cannot  give  any  better  information.  An  example  of  such  disturb- 
ances is  seen  in  the  toxic  action  of  nerve-poisons,  roncerning  which  we 
cannot  say  in  what  way  they  exert  upon  the  nerve-cells  and  nerve-trunks 
a  stimulant  or  a  paralytic  effect. 


IXTRODrCTION, 


The  causes  of  sickness  may  be  external  <»r  internal.  TJie  fontter 
nrr  ilffittuitiit  ttn  thr  uumtrouH  itijurious  iuffuencfs  fijrvrtal  hy  the  frtfnml 
»uitrfuvtf$mjs,  iind  ft\i\  affect  the  orguiiisin  as  wt'll  in  intra-uttriuf  as  in 
exlra-utt'riu*'  liff.  Ttu  intenmi  autsts  are  fhf  imutti-,  sprin^hnj  from  the 
tmhrifoHir  alhrnlionm  of  the  oryaniiatioit,  or  of  am/  partirular  oiyttH,  or  of 
tereral  otytintt,  mul  apjteariiuf  either  tLi  .tpmiionrouM  ntriittious  or  oh  jjoww- 
ihifuf  inherited  from  jirotjniitorn.  If  an  orifiuiisni  Ik'  ejw^ily  affeeUHl  by  a 
I't-rtniu  disruse,  we  speak  of  it  an  \*v'\\\\ipret{isjntsti1  !o  that  tliseaiie;  if  the 
rfVfr*Nt*  Ik?  I  rut*,  we  i<>|K'ak  nf  it  a.s  bi-injj  immuttf. 

If  It  (liwjwie  W  enlirely  ••lianu-teri/cd  !»y  l(M*al  symptoms,  it  is  desig- 
UBteti  as  a  local  disease  or  disease  of  an  orji^an ;  wlu'n  tlie  oi-panisin 
apiH'arN  disfiisei]  as  a  whole,  one  h|H'aks  of  a  general  disease ;  sliould  the 
niorltitl  proefKHCH  ilfviate  for  a  lonjj  time  from  the  normal.  s*i  that  the 
wlinli'  orpinism  seems  to  hint'  beeonie  su)»jeet  to  essential  changes,  the 
eondition  is  railed  a  constitutional  disease. 

No  definite  separalion,  tlierefore,  ean  l>e  made  In'tween  loeal  and 
penernl  discaws.  for  the  reawon  that  a  disease  may  Ix'jrin  with  loeal 
ftyinpr4nns  an<l,  later  on,  lead  to  distnrbanees  of  the  whole  orfraiiism; 
Conversely,  n  di>*en>ie  may  hetpn  with  ^jt'neral  phenomena,  and  tUsea*e  of 
the  orpin  follow. 

This  differenee  in  the  4«»ni'w»  at  diwnst!  depends  mainly  on  the  differ- 
ent wavs  in  whieh  the  deli-teritMis  inflnem-es  of  the  external  world  at't.  If 
by  sueli  means  only  the  lissnes  of  an  or^an  loe  dni()nK'*d.  ltM*al  diseases 
oeenr.  If,  on  the  eonlrnry,  at  the  ontwt,  ehim  ■  -  ^  l  (In-  Idood  and  the 
tluids  of  the  system  ap)H'ar.  by  means  of  wlm  li  lie*  funetinn  and  the 
orpuii/.alioii  »if  imrnerons  lissiieM  are  ehnnp'd  ;  if  fewr  ajiiM-ar,  and  the 
nervous  system  he  also  atTeeted,  tln-n  the  pietnrt?  of  a  ^enenil  disease  is 
produi't*d.  If,  stiU  further,  one  ur^im  In*  mon*  seriously  dama^Ml  than 
another,  ho  tbat  t'onwipietit  dislnrbances  (tf  fnnetion  an*  markedly 
apparent,  tlien  it  will  be  prtjper  to  sjR'ak  of  the  p-mnd  disease  as  iM-ing 
a<'('otnpjiiiiei|  by  the  Hyntplnms  nf  a  lorat  disease, 

If  an  (►rjcan  be  uttJu-ked  with  diHi'a>e,  a  jccncralization  of  the  disease 
may  oecur  from  the  spreading  of  the  noxious  a^^ent  by  eontinuity  and 
eoiilij^iiity ;  also  by  it^  In-in^r  conveyed  in  the  bhiod  and  the  otlier  tlnids 
of  tlic  ImhJv — eitht'r  producing  (fetieral  diseawc  or  seltiiiy  up  in  other 
<»r^ans  the  samr*  condition  of  dinciu^e  tliat  was  found  in  tlie  tu'ptn  first 
att-JU'ked.  Anit  furthermore,  (lie  eluiii^cH  in  llie  functions  of  an  or<;un 
may  produ''c  fuin'tional  eliati^'s  in  another  or^ti,  or  even,  ana  seouenet', 
nn  ailing  condition  of  ilii>  entire  hody.  Kor  iuKtanee,  n  chnutic  disturlt- 
anee  of  the  seeret)4>n  <»f  the  kidney  may  produce  a  cban^^c  in  hearlfime- 
tion,  ami.  later,  ])i)isonin^  of  tlic  wliolc  body,  including  tbe  nervous  sys- 
tem, by  nu'aiis  of  the  Itariuful  pnKbieti*  of  nietalrobsin,  now  no  longer 
eapalilc  of  bein^  {Uschar^cd  from  the  biMlv  in  the  ortlinary  nuinner. 

In  many  pMienil  disi*ases  wbi(*)i  he^m  witit  ueiieral  symptoms  we 
must  iwjsumc  thtit  there  wiih  a  primary  IcNJnn,  this,  lii>wevcr,  iM'injf  so 
mild  as  to  priMlnei'  iPiily  sUjfhl  ami  ciii'uniNcrilH«d  ilisturbaneef*  <»f  func- 
tion, iMid  eiinsnpiciitly  no  Hymptninx  callable  nl'  Immh^  ret*n^nixi*d.  For 
cxampl''.  it  is  in  tin*  lii^hext  de^'i-ee  probiilile  lluit,  in  an  iiift^etions  dis- 
ease  Ite^'inninj:  with  trein-ral  plii'iitiiricna.  the  [Miinnn  <-MU*tinif  tin*  diseaiMT 
multiplii-K  .suntcwhcn^  in  the  body,  and  at  llitn  point  caiioen  loeal  tiHsne- 
ehan^ces  and  fmietional  diHlurbaiieco.  <'onM>ipiiMit)v  even  in  this  cbiss 
iif  discasi^s  it  limy  be  Hnid  that  the  morbid  prneeim  Imim  a  loetU  slnrtini;- 
point  or  several  local  sentK 
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HEALTH  AND   DISEASE.  O 

Striittly  speaking,  even  the  so-called  general  and  constitutional  dis- 
eases are  not  really  such,  inasmuch  as  &e  tissues  of  the  organism  are 
praotieally  never  aU  involved  in  a  diseased  condition.  The  disease  has, 
even  in  such  cases,  its  local  seats,  but  these  are  very  numerous  and  are 
distributed  over  the  greater  portion  of  the  body. 

Tlie  duration  of  disease  is  very  variable.  A  shock  produced  by  a 
sudden  fright,  with  the  coexisting  excitation  of  the  vaso-motor  nerves,  is 
an  instance  of  disease  which  may  last  but  a  few  seconds.  Tuberculosis, 
leprosy,  and  syphilis  may  give  rise  to  sufferings  lasting  for  years.  Dis- 
eases clmracterized  by  a  duration  of  a  few  weeks  are  called  acute;  those 
lasting  for  months  or  for  a  longer  period  are  designated  as  chrmiic. 
Many  diseases  have  a  typical  course — one  which  is  repeated  in  every 
cast"  without  much  variation ;  in  others  the  course  is  markedly  irregular. 
Some  begin  abruptly,  others  slowly. 

The  termination  of  an  Illness  is  either  complete  or  incomplete 
recovery,  or  death.  The  first  event  is  s3Tnptomatically  marked  by  the 
return  of  the  functions  of  the  diseased  organs  little  by  little  to  their 
pn>pfr  condition,  until  at  last  they  do  not  deviate  at  all  from  the  normaL 
In  general  diseases  attended  with  fever  the  temperature  sinks  to  the  level 
of  iiealtli,  and  the  ailing  condition  of  the  body  is  transformed  to  one  of 
well-being. 

Ordinarily  the  return  to  health  goes  on  without  interruption,  or  at 
least  without  much  deviation.  Not  infrequently,  however,  it  happens 
that  while  the  patient  is  convales(ang  the  disease  breaks  out  anew ;  in 
otlier  words,  there  is  a  relapse, 

Tlie  disappearance  of  the  abnormal  symptoms  denotes  a  restitution 
of  the  tissues.  The  chemical  processes  of  the  body  retui-n  to  their 
normal  state,  the  damage  done  to  the  cells  is  repaired,  the  dead  cells 
being  replaced  by  new  ones  of  the  same  nature  as  the  old,  and  the  whole 
tissue  is  i-estwred. 

In  many  cases,  after  the  disease  has  run  its  course,  a  complete  resto- 
ration of  the  former  condition  of  the  tissues  is  produced.  In  severe  sick- 
ness— that  is,  in  severe  tissue-lesions — complete  anatomical  restoration 
of  the  tissue  is  impossible ;  there  will  remain  defects  here  and  there,  or 
where  (t  certain  tissue  is  lost  it  may  he  replaced  by  another  of  a  lower  grade.  If 
in  .such  cases,  nevertheless,  restoration  of  he^th  ensues,  so  far  as  regards 
the  functions,  it  is  for  the  reason  that  the  individual  organs  have  a  re- 
dundant amount  of  functionally  capable  tissue,  so  that  the  disappearance 
of  u  small  group  of  cells  is  not  appreciable.  It  therefore  happens  that, 
upon  the  destruction  of  certain  parts,  others  do  compensatory  work, 
increase  in  size,  and  show  a  greater  mttivitv  of  functional  power. 

Thus  there  will  be  permanent  disturbances  of  function  only  when  the 
diseased  organ  has  not  enougli  healthy  tissue  to  carry  on  the  work  and 
other  organs  are  not  capable  of  acting  as  a  substitute  for  it,  or  as  com- 
pensatory to  it,  or  if  the  disease  leaves  such  changes  as  to  produce  per- 
manent disturbances  of  function  in  the  same  organ  or  in  another  organ 
having  similar  functional  capacity. 

We  must  regard  it  as  an  incomplete  convalescence  when,  although 
the  symptoms  of  the  disease  have  disappeared,  the  harmful  influence  which 
caused  the  trouble  is  not  destroyed,  but  remains  in  the  body,  with  the 
possiltility  that  sooner  or  later  the  disea.se  will  break  out  anew.  Strictly 
speaking,  we  have  not  a  cure,  but  only  the  latency  of  the  disease  pro- 
cess. This  condition  occurs  most  frequently  in  the  chronic  iiifectious 
diseases. 


6 


CNTRODUCnOX. 


Upon  the  occurrence  of  death  a]\  fuiK'tions  of  the.oi*gauiRni  cease. 

Tlie  oiilfi*  in  whirh  tlio  various  organs  of  the  hody  suspi'iid  and 
uuuvU  their  fiiuetious  varies,  in  lUM'fjnlMiice  with  tLe  uatun-  of  the  disease. 
The  death  of  the  individual  is  absohiteJy  detennined  when  the  fnnetions 
of  the  heftH  and  bmiu  ure  detlnitively  inopenilive. 

Thromjh  the  rirfoiu/  of  mt  ortjttnhm  ottr  ti  iiisHtse  the  body  not  sehhnt 
btroittes  imnntut'  ttg:ainst  the  jmi'tieular  jioison  whieh  cAUstMl  the  dis#'«se 
from  which  it  lias  recoveT-ed.  Oftrn,  however,  on  the  oontnny,  the  ImhIv, 
during  the  edurse  of  n  difieaw,  t>r  ihiriug  eouvaleseenee  f ron»  it  and  after 
it«  disapjieuranee,  is  ptriUsposfiJ  to  vninnt  other  ttisfnsf.s. 

§  2.  The  scientific   investig:atlon  of  diseased  life  nmy  reaeh   it8 

r-oiielusions  fnmi  the  synipttiins  «>f  a  disease,  and  imietieal  medieine  is 
markedly  eoncenied  in  learning  the  meaning  of  morbid  jdienonieua  in 
eaeh  individual  ease  observed  liy  the  physi4'ian.  The  exact  investigation 
of  pathohigieal  symptoms  chiefly  seires  the  purpose  of  detenniiiiiig  the 
(lifT^'rent  forms  of  disease  i»n'Sent  in  jriven  ejist-s.  and  nf  sepurating  one 
disease  fi'om  another;  at  tlie  same  time  it  sliould  also  ftiruish  us  with 
the  ]M»ver  of  i>euetratiij^'  iitt<t  the  ori^'in  of  tliv  iliffert-ut  pheiitutn-na.  and 
of  dotcmiininp  their  ennneftion  witli  the  ^Oianp's  in  the  ur^'nis  and 
tissues.  .So  far  as  an  i u vest ijrat ion  of  (lisease  symptiniis  al  the  siek-lwd 
serves  utw^ful  diafrnostie  and  tbenq)eutie  purjHtses,  it  beloupi  t<.i  the 
domain  of  practical  maiicinc  and  of  .\p/cial  puthohnjij,  the  objeet  of  whi<'h 
is  to  learn  tt»  know  the  phenomena,  as  well  as  tlie  eourw?  ai»d  tennina- 
tion.  of  the  in<iividual  diseases,  htuI  to  find  means  of  eontrollinjjr  them. 
If  tlie  investiLjatiifn  is  mainly  eoneerned  in  determining  tin-  nature  and 
the  orij;iti  of  tliseitsi'  phenorui'ua.  witjioul  n'jLrard  to  their  assijrnnient  to 
s]K»eial  foniis  of  disease,  it  falls  within  the  si-op.-  of  general  pathology, 
which  has  for  its  oitjrct  thr  anpiisition  of  tic  finite  ttata  nyucerniMj  the  nature 
ami  nturnc  of  tfisrase  procc^seii. 

Varitnis  authors,  in  seekin>f  to  deliiie  tlu*  field  of  general  i'athoIo<,'y, 
have  .souglit  its  pn^ldenis  in  dilferent  directions,  and  their  arraufjenient 
of  it,s  proper  constituent  elements  is  tiot  always  eontined  within  the 
Ka^l^'  boundaries.  If  one  faces  the  tusk  without  ivfjaitl  to  its  jiraetical 
beariiifj  on  thv  subdivision  of  s<-ienee  (si>eciahsm),  it  inevitably  follows 
that  {general  putholojxy  must  be  heh!  to  deal  not  only  with  the  theory 
of  the  natui-e  and  tln'  course  of  disease  piNMM'sses,  but  also  with  tlieir 
canst»s;  that  it  rjot  only  embmci's  that  section  of  natural  seietjeM  which 
■we  call  patholojcical  physiolojcy,  but  ineludes  at  the  same  time  the 
theory  of  the  causes  and  nature  of  disease. 

As  the  morbid  sympttjuis  are  neither  mon*  nor  less  than  biidopieul 
Tniinifestations  of  patholoijically  chan^l  tissues,  so  the  theory  of  dis- 
ease chancres  of  the  tissues,  or  general  pathological  anatomy,  natu- 
rally falls  into  tb'*  domain  of  pent*ral  pathohijry. 

Thr  jn"«'at  extent  of  the  Held  enibnurd  by  ucriend  patbolojf\.  both  in 
text-books  and  in  tlii-  lecture  coui-se.s,  would  make  it  apjH'ar  reasonable 
that  the  hmits  of  a  eonrse  in  pMieral  ]iath<d(>^y  shotdd  be  nan-owed.  ami 
that  special  portions  of  it  should  be  releiaited  to  the  »i>eeijd  departments 
to  whieli  thry  belong. 

Notwit.hstflntlinp;  that  the  theory  of  the  sjnnptoms  of  disease  fftnns 
the  hir^^'st  portion  of  jfeneral  jiathohigj',  it  seems  to  he  ex|>edient  to 
leave  to  npeirial  works,  to  leetures,  and  to  preparatory  instructioD  those 


SCIENTIFIC   IN\*ESTIGATION   OF  DISEASED   LIFE.  7 

facts  which  are  perfected  at  the  bedside  and  are  readily  capable  of  utili- 
zation for  directly  practical  purposes. 

General  pathology  must  also  undergo  a  further  contraction  in  the 
field  of  the  study  of  the  cBuses  of  disease,  because  the  latter  are  pur- 
posely brought  within  the  circle  of  consideration  only  so  far  as  patho- 
logical changes  are  really  caused  through  them,  while  the  further  and 
more  extended  relations  to  the  outer  world  in  which  we  find  ourselves — 
relations  which  eventually  can  produce  harmful  influences  upon  our  or- 
ganism— are  to  be  turned  over  to  hygiem. 

The  main  point  of  interest  in  general  pathology  lies  indisputably  in 
the  knowleds^e  of  the  anatomical  changes  which  are  at  the  tiottoni  of 
the  disease  processes.  But  the  studies  in  this  domain  do  not  need  to 
be  confined  to  the  effort  to  ascertain  the  morphological  chai*acteristies  of 
disease  processes;  they  should  rather  penetrate  into  the  questions  of 
how  these  processes  are  brought  into  existence  and  what  is  their  nature.  A 
scientific  treatment  of  pathological  anatomy,  therefore,  leads  necessarily 
also  to  the  study  of  the  etiology  and  the  genesis  of  the  disease  pro- 
cesses. If  by  the  study  of  etiology  we  are  able  to  prove  the  cause  and 
development  of  the  changes  induced  by  disease,  then  shall  we  also  be 
alile  t<i  gain  an  understanding  of  the  phenomena  of  disease  as  they  come 
under  observation  during  life,  and  also  at  the  same  time  to  lay  the 
foundations  for  an  adequate  knowledge  of  tliat  part  of  genei-al  pathology 
which  is  designated  by  the  term  pathological  physiology. 


SECTION  II. 

Cause,  Origin,  and  Course  of  Diseases;  General 
Considerations. 


I.  Origin  of  Diseases  through  External  Pathological  Influences. 

1.  Oritjin  of  Diitrufces  through  I>efirienrff  of  Fttoii  and  ofOxytjrn  ;  by  Fafiffui ; 
by  Ifrttt  and  ( 'old ;  &i/  Chawjes  ofthv  Atmospherir  Prexaitre ;  6y  EhHriral 
and  by  Mrchitniral  Injtuenceg. 

§  3.  F!tf)M  birth  until  death  man  is  <'oiitiiiiirtlly  subject  to  the  influ- 
ences of  t)n-  .sun*<Miiuling  ext**rnal  wdrltl.  sfinn*  of  which  intiuences  aid, 
while  others  hinder,  the  exeirise  of  his  fnu<*tions. 

As  long  us  the  huniun  body  is  able  to  iitilize  it^  fuuetions  for  the 
purjK>se  i»f  spontjineous  ehanjres  of  relation  to  the  external  world,  and 
also  to  lU'eo immolate  its  fuuetions  to  th«^  external  ueeessities  of  life,  so 
long  does  it  remain  In  health.  If  its  eontrivances  of  adjustment  are  no 
longer  able  to  neutralize  surrounding  iufluenees^  and  man  eAn  neither 
esea(>e  nor  ehaiigu  the  neees-sities  of  life,  he  falls  into  siekness  or  dies. 

For  itiJ  |)reser\Hti<>ri  the  lM)dy  i-eijuires  Ib'st  of  all  a  eertain  amount  of 
nutrient  mat«'rial,  as  well  as  a  drtiiiitc  (puiutity  of  water  and  of  oxygen-, 
and  wliile  nmu  is  able  to  sunive  the  Idsk  nf  these  agentt^  for  a  short 
time,  yet,  bevoud  a  e4'rtain  degree  and  after  n  liniiti'd  time,  insufficiency 
of  oxygen,  /ood.  and  water  niust  UfcrssHnly  oci-fi.sion  sirkness  or  death. 

The  suppression  or  diminution  of  the  supply  of  oxygen  to  the 
tissues  is  an  ijeenrrenee  thnt  can  lia]i]H*n  at  all  ages,  and  may  be  due 
either  to  a  la<'k  of  oxygen  in  tin-  Him-tmndiiig  nirdiuni,  or  to  a  hiudranee 
in  the  trans|M»i*tation  of  th<'  oxygfn  cimtjiiurd  in  (h«'  air  t«t  tht*  lungs  and 
tl»e  blooiL  or.  finally,  U*  an  inal»ility  of  IIm-  hlimd  to  take  up  tlie  oxygen 
in  suffieieut  quantity.  Laek  of  nxygm  eau  lu-rur  to  the  f(etu>  within  the 
uterus,  through  the  mother  lierself  sntTenng  fri^ni  want  of  oxygen,  or 
through  pivinatun*  separatinn  itf  llie  plaeenta.  or  \>\'  means  of  disease 
changes  in  the  plaeeiita,  or  through  etimpiTssion  4tf  tlie  rord,  the  gaseous 
int«'rehange  between  the  bh>od  of  the  mother  ajul  4>f  the  foptns  Wing 
thereby  hiuderetl.  After  birth  an  insufth'ient  supply  nf  oxygen  eau  hap- 
pen through  hindrunees  oeeumng  to  the  breathing -p^twer  of  the  luug*t, 
or  through  the  faet  that  tJie  ehild  itself  is  ton  weak  to  suffieiently  exjfand 
the  thorax,  in  i>rder  to  intrnduee  Kuflioient  air,  l)y  means  of  the  respira- 
tory* movements  nf  the  lungs. 

If  tJie  supply  of  oxygen  be  stttpjxHl  enmpletely,  either  thmugh  any 
fluid — e.g.,  water — getting  into  the  ti'soiraUiry  traet  in  pla<*e  of  air,  or 
"  *       "  '    *       clostKl.  the  nidividual  thu»  affeeted  dies  in  a 
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short  time  from  lack  of  oxygen,  by  "choking"  or  suffocation.  If 
auimals  remaiu  iu  a  closed  place  for  a  certain  length  of  time,  death  is 
found  to  occur  as  soon  as  the  oxygen  of  the  air  reaches  2  or  3  per  cent, 
by  volume,  it  being  normally  20.8  per  cent,  by  volume  (CI.  Bernard,  P. 
Bert). 

If  the  supply  of  oxygen  be  not  entirely  arrested,  but  only  markedly 
diminished  in  amount — as  may  occur  in  carbon-dioxide  poisoning,  where 
the  firm  combination  of  carbon-dioxide  gas  with  the  heemoglobin  prevents 
the  taking  up  of  the  oxygen  by  the  blood-corpuscles — suffocation  follows 
only  after  the  lapse  of  several  days.  By  the  gradually  increased  shutting 
off  of  the  supply  of  oxygen,  and  accumulation  of  carbon  dioxide  in  the 
blood — as  in  cases  of  narrowing  of  the  lumen  of  the  larynx  by  inflamma- 
tory exudations  and  through  compression  of  the  windpipe  from  goitre — 
there  occur  breathlessness,  cyanosis,  cramps,  and  disturbances  of  con- 
sciousness, a  condition  which  we  call  asphyxia. 

If  the  supply  of  oxygen  be  diminished  even  in  a  small  degree,  but 
for  a  long  time — a  condition  wliich  may  occur,  for  example,  in  a  diminu- 
tion of  the  blood-cells  in  ohgocytheemia — there  will  take  place  in  the 
tissues  of  the  organism  degenerative  processes  which  are  characterized 
by  an  increase  of  the  destruction  of  albumin,  and  by  fatty  changes  in 
the  organs  (Fraukel),  and  may  cause  not  only  disease,  but  ultimately  death. 

If  the  body  be  deprived  of  all  nourishment  and  water,  then,  as 
albumin  and  fat  still  continue  to  undergo  decomposition,  a  rapid  diminu- 
tion in  the  body-weight  occurs,  and  finally  death  ensues.  According  to 
Lehmanu,  Miiller,  Munk,  Senator,  and  Zuntz,  the  total  amount  of  oxida- 
tion does  not  go  below  the  amount  which  would  be  observed  in  the  same 
individual  under  favorable  circumstances  and  when  in  a  normal  condi- 
tion. There  takes  place  a  marked  conversion  of  albumin  into  other 
products,  as  well  as  a  decided  loss  of  water.  In  animals  death  follows 
when  about  40  per  cent,  of  the  body- weight  has  been  lost,  nearly  half  the 
deficiency  being  due  to  a  diminution  iu  the  muscles. 

Fat  disappears  the  most  rapidly,  and  may  be  reduced  even  to  93  per 
cent,  of  the  entire  amount  originally  present.  The  diminution  of  sub- 
stance takes  place  in  the  various  ])arts  of  the  organism  according  to  the 
following  order :  liver,  spleen,  testicles,  muscles,  blood,  alimentary  tract, 
skin,  kidneys,  and  lungs.  The  heart,  the  nervous  system,  and  the  bones 
show  the  least  loss  of  weight,  although  the  investigations  of  Lehmann, 
Miiller,  Munk,  Senator,  and  Zuntz  have  shown  that  an  absorption  of  the 
bony  tis.sue  takes  plat'e  during  starvation,  and  if  water  be  ingested  an 
increased  amount  of  phosphoric  acid  and  calcium  is  found  to  occur  in 
the  urine.  In  the  blood  the  white  corpuscles  diminish  rapidly  in  num- 
ber (Luciani) ;  the  red  blood-ceUs  may,  on  the  contrary,  in  a  given  quan- 
tity of  blood,  be  increased.  According  to  the  investigations  of  Coeu,  the 
organs  of  starved  animals  plainly  exliibit  the  evidences  of  vascular  en- 
gorgement, with  here  and  there  hemorrhages,  and  also  inflammatory 
changes,  as,  for  instance,  in  the  intestines,  the  liver,  and  the  kidneys. 

In  the  nervous  system  no  special  changes  have  been  not^d  (Peri). 

The  fatal  issue  in  the  case  of  absolute  withdrawal  of  nourishment 
and  water  occurs  in  man  in  from  seven  to  twelve  days,  under  certain 
circumstances;  according  to  some  anthoi-s,  only  after  twenty  to  thirty 
days;  bodily  exercise  hastens  the  fatal  tennination.  This  jwriod  is  con- 
siderably extended  if  water  be  taken  into  the  system.  In  this  case  there 
is  found  an  increase  in  the  nitrogenous  constituents  of  the  ui*ine. 
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Life  can  be  maintaiued  for  a  long  time  with  insufficient  nouiish- 
ment;  there  occurs,  however,  a  certain  diminution  of  bodily  weight, 
whicli  may  under  certain  circumstances  lead  to  tlie  most  marked  emacia- 
tion, and  finally  to  death.  The  same  thing  happens  when  the  com- 
position of  the  food  is  unsuitable,  and  only  a  portion  of  the  nutrient 
material  is  offered  in  sufficient  quantity,  so  that  the  body  is  starved  in 
albumin,  or  in  fats,  or  in  salts,  or  in  water.  Dogs  deprived  of  all  nitro- 
genous nourishment  die  in  from  thirty-one  to  thirty-four  days  (Magen- 
die).  If  the  nourishment  be  sufficient,  but  poor  in  albumin,  tJiere  occur, 
after  a  certain  length  of  time  (in  dogs  a^r  six  weeks),  loss  of  appetite 
and  an  unwillingness  to  take  the  proffered  food,  and  digestion  and 
assimilation  in  the  animal  are  lessened  (Munk).  Especially  is  this  the 
case  if  the  nourishment  be  deprived  of  fat,  while  it  holds  to  a  lesser 
degree  if  the  aliment  l>e  wanting  in  albumin  and  carbohydrates.  Very 
likely  this  deficiency  of  absorption  is  chiefly  dependent  upon  a  diminu- 
tion of  the  secretions  of  the  digestive  juices,  this  being  especially  notice- 
able in  the  bile.  The  excrement  at  last  is  found  to  be  nearly  without 
bile. 

§  4.  If  the  functional  activity  of  an  organ  be  exerted  for  a  con- 
siderably longer  time  than  that  to  which  it  is  accustomed,  there  will 
occur,  sooner  or  later,  a  state  of  exhaustion,  due  in  part  to  the  consump- 
tion of  the  parenchyma  of  the  organ,  and  in  part  to  the  formation  of 
toxic  nitrogenous  products  of  metabohsm,  these  making  such  an  organ 
unfit  for  further  continued  action.  If  this  exhaustion  affects  a  vital 
organ,  such  as  the  heart,  death  may  ensue  from  this  cause  aloue.  This 
result  can  take  place,  however,  as  well  when  the  heart  is  imable  to  per- 
form its  ordinary  function  for  a  short  time  as  when  it  acts  a  long  time 
more  nearly  normally,  indeed,  but  still  under  the  conditions  demanded 
of  a  maximum  amount  of  work.  If  the  wearied  tissues  are  able  to  secure 
rest,  and  if  a  sufficient  and  proper  amoimt  of  nourishment  be  supplied 
to  them,  the  extra  material  which  was  lost  by  the  unusual  activity  will 
be  again  replaced,  the  effete  products  of  metabolism  which  are  acting 
detrimentally  to  the  functions  of  the  tissue  will  be  removed,  and  the  part 
will  again  become  ready  for  a  renewal  of  its  normal  activity. 

If  a  tissue  frequently  becomes  the  seat  of  exhaustive  functional 
activity,  and  the  periods  of  rest  are  too  short  to  admit  of  a  complete 
restoration  of  the  tissue,  there  will  finally  occur  a  condition  of  permanent 
insufficiency,  a  chronic  exhaustion,  which  under  certain  circumstances 
may  even  lead  to  degeneration  or  atrophy  of  the  affected  organ.  A 
gland  or  a  muscle  may  thus  become  atrophied  through  excessive  u^e, 
and  a  brain  which,  by  too  constant  stimulation  of  any  character  without 
the  required  periods  of  rest,  is  exhausted  by  its  continuous  activity,  may 
finally  pass  into  such  a  condition  of  debility  and  exhaustion  as  to  make 
even  tlie  performance  of  the  normal  function  an  imp08sil)ility.  By  means 
of  rest  and  of  regulated  nourishment  the  brain  may  again  recover;  in 
a  high  degree  of  exhaustion,  however,  the  functional  insufficiency  may 
become  permanent,  and  may  find  its  expression  eventually  in  anatomical 
changes. 

If  the  oxcitntion  of  the  nervous  system  be  verj-  severe,  there  occurs 
under  certain  circiimstances,  by  even  a  short  continimtion  of  the  source 
of  the  in'itation,  a  cessation  of  the  nervous  fun(rti<>ns — a  paralysis  which, 
should  it  affect  the  functional  capacity  of  the  heart  and  the  respiration, 
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may  lead  to  death  j  more  often,  however,  it  passes  away  after  a  short 
time. 

In  organs  from  which  much  work  is  required,  exhaustion  and  insuf- 
ficiency take  place  so  much  the  more  quickly  in  proportion  as  the  nour- 
ishment is  insufficient.  Fatigue  aud  insufficiency  of  the  heart  are  most 
often  obser^'ed  when  the  genei-al  nourishment  is  poorest,  as  from  disease 
of  a  febrile  character,  or  when  the  absorption  of  oxygen  in  the  blood  is 
more  or  less  hindered  by  heart-<lefects  poorly  compensated  for  and  by 
diseases  of  the  lung. 

If  the  demands  upon  a  muscle  or  a  gland  are  only  slightly  increased, 
and  if  at  the  same  time  the  nourishing  material  be  good  and  sufficient 
for  the  eanying  out  of  such  increased  work,  the  affected  tissue  becomes 
hypertroptiied  and  is  thereby  rendered  capable  of  accomplishing  the  in- 
creased work  for  a  time. 

§  5.  High  temperatures  act  in  part  by  a  local  desirttctimt  of  the  tissue 
(burning),  iu  part  by  an  overheisthuj  of  the  entire  body.  Naturally  the 
latter  condition  is  only  possible  when  the  high  temperature  acts  for  a 
length  of  time  sufficient  to  render  it  impossible  for  the  oi^auism  to  pro- 
tect itself  from  the  excess  of  temperature  by  gi\'iug  up  its  heat.  In  dr>' 
air  of  55-60°  C.  (131-140°  F.)  even  the  most  profxise  perspiration  is  no 
longer  able  to  hinder  the  body  from  becoming  overheated,  aud  in  moist 
air  even  a  lower  temperature  suffices. 

If  a  rabbit  is  placed  in  an  incubator  at  36°  C.  (96.5°  F.),  its  temper- 
ature rises  up  to  41-42°  C.  (105.8-107.6°  F.).  At  the  same  time  the  res- 
piration aud  the  pulse  are  accelerated,  and  the  superficial  vessels  become 
dilated.  At  about  40°  0.  (104°  F.)  the  body-temperature  is  elevated  to 
44-45°  C.  (111.2-113.°  F.),  and  the  acceleration  of  the  breathing  and  of 
the  contractions  of  the  heart,  is  enormous :  the  pupils  become  dilated,  and 
the  muscles  are  relaxed.  After  a  time  death  ensues  through  paralysis 
of  the  nen-ous  and  contractile  systems,  especially  through  failure  of  the 
heart.  As  the  muscular  substance  of  a  mammiferous  animal  coagulates 
at  44-45°  C.  (Kiihne),  it  follows  that,  by  such  excessive  heating,  death 
may  result  from  coagulation  of  the  heart  and  respiratork*  muscles.  C<m- 
tinuous  iuclosure  for  several  days  in  an  incubator  is  fatal  to  animals  even 
though  the  Ixnly- temperature  does  not  excee<l  42°  C.  (107.6°  F.).  The 
destruction  of  albumin  is  increasetl  by  the  elevation  of  the  body-temper- 
ature, while  at  the  same  time  the  elimination  of  carbonic-acid  gas  is 
diminished  (Nannyn).     In  many  of  the  tissues  fatty  changes  occur. 

If  a  man  is  snbjecte<l  to  a  high  temperature,  an  overheating  of  the 
body  may  take  place,  and  finally  the  condition  may  occur  which  is  desig- 
natetl  by  the  name  of  heat-stroke.  In  this  condition  the  pulse  is  in- 
creaseii,  the  respiration  is  rendereti  galloping  and  [muting,  the  pupils 
are  dilatwl.  and  death  may  take  place  in  the  same  manner  as  in  tlie  case 
of  an  animal  made  the  subject  of  exijeriment.  The  o<'currence  of  the 
heat-stroke  is  hastened  by  severe  iiodily  lal>or,  by  interference  with 
hear~dis.sipation,  >>y  imijermeable  clothing,  or  by  lack  of  water  in  the 
IxMly.  By  direct  action  of  the  rays  of  the  sun  upon  the  head  cerelnid 
and  meningeal  sympton»s  may  1m'  i>n>duced.  This  condition  is  charac- 
terized by  hx-penemia  and  infianiniatori-  exudations,  and  is  called  sun- 
strol(e  or  insolation. 

Lm'al  effects  of  heat  xi]>on  the  skin  (burns),  according  to  the  time 
during  which  their  action  is  exerted,  and  according  to  the  intensity  of 
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tht^  luN*t*  lead  to  hypeitemia  (first  degree  of  a  bam),  or  to  the  formation  of 
Wt'Wv^^yHmd  degree),  or  to  tissue -eschars  (third  degree),  or  to  earbouization 
vft»«rth  degree).  The  action  on  the  tissues  depends  upon  the  heat — 
first  Itx'ally  and  then  more  extensively, — and  their  destmetiou  results 
fn>m  a  certain  degree  of  temperature  acting  for  a  certain  length  of  time. 

If  a  large  part  of  the  surfioce  of  the  body,  about  one  third,  is  burned, 
the  individual  dies,  even  though  the  burning  is  only  of  a  mild  character 
and  eschar-formation  does  not  take  place.  An  attempt  has  been  made 
to  explaiu  this  phenomenon  in  various  ways.  Billroth.  Fok,  MendeL  and 
others  believed  the  cause  of  death  to  lie  in  the  suppression  of  perspira- 
tion and  the  consequent  coUection  of  poisonous  materials  in  the  blood : 
others,  as  Sonnenbui^  and  Falk.  believed  the  fatal  result  to  be  due  to  a 
reflex  lowering  of  the  vascular  tone.  In  marked  cases,  according  to 
Sonnenburg.  the  overheating  of  the  blood  causes  paralysis  of  the  heart 
On  the  other  hand,  Ponfick.  Klebs.  von  Lesser,  and  others  consider  the 
fatal  outcome  to  be  chiefly  due  to  injury  and  destruction  of  the  red 
blood-cells.  Silbermann.  Welti,  and  Salvioli  also  seek  the  cause  of  death 
in  injury  to  the  blood,  laying  especial  stress,  however,  not  so  much  upon 
the  destrurrtion  of  the  red  blood-cells  as  upon  the  occurrence  of  stasis 
and  fr^iagnlation  of  V>lood  within  the  vessels  of  the  different  organs,  this 
i^^'indition  l>f4ng  the  ffonsequence  of  the  injury  to  the  blood.  Kijanitzin, 
on  the  tripntrary.  holds  that  a  poist>n  fptomaine)  which  acts  detrimentally 
to  th#:  organism,  ia  created  in  the  bodies  of  those  who  have  been  bnme<L 

Tlie  anatomical  findings  in  those  eases  of  bums  in  which  an  oppor- 
tunity half  \tfnni  given  for  examination  tend  to  demonstrate  that — in 
tnutt^  in  which  death  does  not  follow  in  a  short  time  fntm  the  severe 
tl'txinrifantie  of  tlie  neo'ons  system  and  the  overheating  of  the  Inxly — the 
*«n«rfr  of  d*-ath  orfriirring  fn>m  bums  of  the  cutaneous  surface  is  to  be 
iM/fJKiit  in  the  changes  of  the  blood  and  in  disnirl>auce  i>f  tlie  circulation. 
Tli^  bl^Kj'l.^fhangvs  consiist  in  d^sstmciion  of  the  red  WihxIhvUs.  or  siH^h 
an  injnrj'  to  them  as  to  diminish  their  functi^ms  and  give  rise  at  the 
tmtttfr  listtfT  to  the  d^^jsit  of  the  products  of  degenemtion  and  the  coUec- 
tiftu  of  iifttD'fglobin  in  the  livier.  the  spleen,  and  the  kidney's.  The  alter- 
ation* ar»r  further  characterized  by  a  tendency  of  the  MihhI  to  form 
tkirottBf/t  and  intravascular  clots,  by  means  of  whii*h  vt'^isels  of  the  lessor 
ft*  ir*-ii  aj>  of  the  creator  systemic  *'ir\"ulatiou  may  l»e  ol»c>tnicteti  And 
i0^i*if-^  riitfi*-  -hould  be  mentioned  the  facts  that  U»th  duriut;  life  and 
xfttT  dtrAfh  v*-nous  clotting  and  hapmorriiages.  as  well  as  arterial  anaemia, 
tnr*r  'y>-a<»ionaUy  ob-^rv^  and  that  l«*«"al  tissne^leg^^neration  and  ne^'rvxs*^ 
may  *iffTir  \n  ***Ttain  organs,  as.  for  example,  in  the  kithiey,  the  liver. 
ab/i  f^i-   Ka/i^ri*-  and  int^-stinal  mnts.us  membrane,  in  Knies,  and  iii  the 

%lam  temperaUires  a*-t  in  much  the  sanu'  manner  a^i  d^*  hisrti  tt^uiii^r- 
arrin-,  ift  fjarr  thrrftitrh  Xtf-sX  injurirs  and  d^snlh  of  the  ttssm'cs  :v.  ^vir:  i^y 

t^kiiiiiti^  of  ihf  *-ttrirw  'r«-iy.  S^wre  and  lastinir  r*'tVti^'n*:^»i;  oaxisrs 
fi.**u— 'i--arK :  afr^r  mild  ••hiUing  there  (Hvur.  as  a  \>»tiMNti'.v!;v>,  tiss-ur^ 
cha^t?—- .  -ri*-h  a-  K>*{<^r»-n(ia  and  f-x'.ui.Hrior.s  wtivv-V.  j*r\'  o\v^s>iu:s:-.v  r:  •:: 
in  [Ti'-^^-'.-r-— .  Th»-  ti\i^  of  rh^  n««s*-  snd  **i  \\w  rsHr<  tSvix'  ti-.v  ici^-.TSt.  .s> 
in  th*-^  l<j--aIi?i»->  rh*-  wamiinsr  of  rhr  ti>s-.H'  Vv  v.uc*:;-*  vt  :*■.;'  v".r\-uta»:Ui: 

If  rh*- ^ntin-  'fttAx\»-  ^m-ns'Ly  •H-»'-*:,  A -vr.vl'.v.v'v.  o:  vvv.^r:*'  *,v-i-v\s.'.s 
finally  *,rf-»-rir».rhr»>riHfa  r*^la'nT«"'n  of  "ri-  :i«'nv.al  t\v-;:c*'-'.'-.:\  x-t"  th,-  vv.v.r-Sv 
f»\t^ii^\  of  the  nervous  .system  and  »»f  ::'.o  ^.^\Hr^      rV.i'  m  f.sv^r',-.;".  ■,> 
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dnlletl;  tlu*  hpttrt-contraotiim  and  respiratiiin  become  progrt^wively 
weaker,  ami  tiiutlly  <*oase  eiitiroly.  If,  b»'forf  the  exiMAhWity  of  the 
tbssiws  Im-s  ftitinr-ly  disiippeared,  the  body  be  a;jraiii  wamied»  the  power 
of  movemeut  in  the  limbs  returns  pwhrnlly.  juid,  after  a  i-ertaiu  time, 
con8eioii.snes.s  is  ii'.st(»red.  lu  luau,  refrijre ration  of  the  body  to  24—30^  C. 
(75-86*^  F.)  has  been  oVwerved,  endiuj^  in  complete  reeovery.  Aecordinj^ 
to  Ansiaux,  the  ivctal  ti'injx'niture  of  auimala  from  whieh  heat  hits  been 
abstracted  may  amount  tn  14-2S°  C.  (r»7.;i-82.4o  F.)  U*foif-  di-ath  ensues. 
Besides  the  severe  forms  of  local  or  ffeneral  lowerintr  *»f  tlie  tissiie- 
tcniperntun?,  then?  »dso  oceiir.  jis  harmful  jiathopeiiic  inHuenees,  mild 
peneraJ  or  local  diillin^s— the  .so-called  •*  colds  "~fr<tm  thc!  effoet-s  (ff 
which  disease  plicuonieiitL  inimifcst  themselves,  imilly  at  the  seat  of 
refrigeration  and  partly  in  tjthcr  4»rpans  in  distant  ]M»rrions  of  the  body. 
For  example,  aft^T  widely  extfnd4'd  refrigei-ation  of  the  skin  may  result 
diarrhcea,  or  eatarrh  of  tlin  respiratory  system,  or  kidney-disease;  after 
lo**ul  chilling  of  the  skin.  ]»unful  aifeetions  in  the  deeply  seated  muselcs. 
In  what  nuinner  the  plicnmncna  i**»ferred  to  dci)cn<l  ujxin  the  refrigera- 
tion is  tniknown,  but  there  is  no  reason  to  deny  that  tliese  mauifestat  i«>ns 
of  disease  are  caused  by  *'oJd.  lint  tliougli  mativ  diseases  formerly 
attributed  to  "eatehiujr  cnhJ"  Iniv*'  been  found  to  lu'  ibie  tn  infectious 
diseases,  there  still  renmin  ii  uunibcr  of  diseased  eonditions  for  wfiieh  we 
know  no  other  etioloiry  than  that  of  refrigenition.  Conditions  of  the 
body  in  whieli  the  skin  is  li^-pci'a'niic'  and  in  which  jM^iNpiration  is  se- 
creted seem  to  favor  the  attacks  of  disease*  caused  liy  eold.  In  many 
individuals  there  seems  to  be  a  special  dispositit«i  for  the  effects  nf 
refrigeration  to  manifest  themselves  in  connection  with  ddiidte  tissues, 
HO  that  in  otm  pci-son  certain  muselus,  and  in  another  the  tnueims  uiein- 
branes,  will  be  the  i>arts  afiPeeted. 

According  to  Pfltiger  and  otbent,  the  prooesseH  of  life  in  animals  may  b« 
brought  to  a  standstill  by  means  of  tne  abntraotion  of  beat,  without  its  beiu^ 
an  iniposfiibilitj'  for  an  awekeninR  to  take  place  from  apparent  death.  This  i& 
aaid  to  happen,  imleed,  if  un  animal  be  fi-ozeu  to  a  .solid  mass.  iVeyer  is  also 
of  the  opinion  that  tlie  eontimiity  of  life  can  bo  fully  inlerniiited  by  refrigera- 
tion, and  describes  the  subjects  who  Hre  thus  **  lifeless,*'  but  still  capable  ut 
li\ing,  ns  fmahiotic.  Frogs  are  said  to  remain  vita]  for  many  hours,  even  though 
the  tempcrftt!u*e  be  reduced  to  —2.5'^  t'.,  at  which  teinperatui-o  the  heart  isfn^zen. 
On  the  eonti-arv,  Koch  euuld  not  observe  such  anabiosis  in  fully  frozen  animals, 
such  as  tish<'s.  beetles,  or  fro{^;  these  were  abl«  to  endure  rel"ri|rt'ratiou  under 
the  freezimr-poiut  only  when  the  time  of  the  iulhieiice  was  inHufficicut  to  solidify 
the  internal  parts  of  tlie  oi^anism. 

Tissues  of  niamnmls  and  of  man  do  n*it  necessarily  succumb  t^)  the  abstrac- 
tion <»f  heat,  if  it  be  of  short  duration,  even  though  the  freezing-point  !«•  reached, 
but  may  again  recover. 


§  6.  Sudden  lowering  of  the  atmospheric  pressure,  as  oceurs  in  tlie 
awension  of  monntnins  and  in  ImfliHH)  vnynges,  can  cau.se  conditions  of 
great  exhiiusti(.»n,  with  iimrkecj  ind|iitiiti<iu  i.f  (be  heart,  uueonsciousness, 
in'pgular  biviithiiig,  and  sometimes  voniiting  and  biT'Uiorrhages  from  the 
gums  and  lips.  lVol»ably  these  pbentuneiiii- dejieinl  eljiefly  upon  lack  of 
oxygen  (P.  itert),  the  captlhiries  of  tin*  lung  being  unidde  to  take  up 
stiffieient  oxygen  froni  the  strongly  ran-lit  d  air.  Owing  Ui  the  demands 
made  upon  the  mus*rlrs  in  clim>nng  a  mountain,  these  phenomena  npjiear 
at  a  less  elevation  than  in  h  bnljuoii  ascension.  Ha*morrbages  are  prolv 
ably  due  in  part  to  the  occuiTenee  of  flssiu'es,  through  drnng  of  the 


14 


EXTERNAL  CAUSES  OF  DISEASE. 


mucous  membrane  of  the  parts  affected  by  evaporation  (Hoppe-Seyler, 
von  Recklinghausen). 

According  to  the  researches  of  Egger,  Miescher,  and  others,  a  sojourn 
in  high  altitudes  causes  an  increase  in  the  number  of  red  blood-cells  in  a 
short  time,  with  an  augmentation  of  the  amount  of  haemoglobin  in  the 
blood.  Upon  the  return  to  the  lowland,  the  increase  in  the  number  of 
the  red  blood-cells  disappears. 

Sojourn  in  diving-bells  and  caissons — such  as  are  used  for  carrying 
on  building  operations  beneath  the  water — in  which,  under  certain  cir- 
cumstances, the  atmospheric  pressure  is  increased  to  more  than  foiir 
atmospheres,  causes  a  trifling  difficulty  in  respiration  and  slight  acceler- 
ation of  the  circulation.  Upon  going  quickly  from  the  compressed  air 
to  the  open  air  there  may  occur  fatigue,  a  sense  of  oppression  in  the 
chest,  noises  in  the  ear,  cramps  in  the  muscles,  pains  in  the  joints, 
hcemorrhages  from  the  nose,  ears,  and  lungs,  dilatation  of  the  pupils, 
and,  under  certain  conditions,  paralysis,  coma,  delirium,  and  even  death 
after  an  interval  of  from  one  to  twenty  days.  The  cause  of  these  phe- 
nomena is  probably  the  sudden  escape  from  the  blood  of  the  nitrogen 
which  had  been  absorbed  under  pressure  (P.  Bert,  Hoppe-Seyler).  Ac- 
cording to  the  investigations  of  Leyden  and  Nikiforoff,  degenerated 
areas  are  observed  in  the  white  columns  of  the  spinal  cord  in  the  fatal 
cases  associated  with  paralysis.  In  these  areas  of  degeneration  some  of 
the  individual  nerve-fibres  are  torn  apart,  and,  by  Qie  swelling  of  the 
axis-cylinders  and  the  disintegration  of  the  medullary  sheaths,  the  tissue 
is  markedly  changed,  empty  spaces  taking  the  place  of  the  nerve-fila- 
ments. Pi'obably  these  disturbances  are  incident  to  the  formation  of 
bubbles  of  gas  inside  the  spinal  cord.  If  the  gray  matter  is  affected,  the 
ganglionic  cells  may  also  degenerate. 

Changes  in  the  electrical  condition  of  the  atmosphere  and  in  the 

magnetism  of  the  earth  have  no  demon- 
strable influence  upon  the  body  of  man ; 
on  the  other  hand,  electric  discharges,  as 
lightning-stroke,  induce  in  part  local  burn- 
ing (Fig.  1)  and  in  part  lesions  of  the  whole 
body.  Under  certain  circumstances  light- 
ning-stroke can  cause  laceration  of  the 
tissues  of  the  internal  organs,  as  of  the 
liver  and  of  the  heart  (Liiuan).  The  most 
frequent  and  important  action  of  lightning 
is  to  cause  a  paralyais  of  the  nervous  system 
which  gives  rise  to  severe  dyspnoea,  sooner 
or  later  ending  iu  death,  or  gradually  pass- 
ing away.  Only  very  rarely  do  the  special 
nerves  remain  lastingly  affected.  Transi- 
tory paralyses  occur  when  the  lightning 
has  not  passed  through  the  body,  but  has 
only  been  conducted  in  its  neighborhood, 
whereby,  in  consequence  of  the  sudden  elec- 
trical discharge  from  the  clouds,  the  body 
T?,«  1     T-  1-*  •      a  of  the  affected  indixidual  is  quicklv  emptied 

J' »"houmi^r,"brsf; 'a?n^  "f  its  eleetri-ity,  or  else  the  eleetricit,-  pres- 
of  a  woman  struck  with  light-  «»t  m  the  body  is  combined  with  the  elec- 
DJng.  tricity  discharged  from  the  clouds. 


CONCUSSION  OF  THE  BRAIN.— SHOCK.  15 

Individuals  who  have  been  struck  by  lightning  show  mild  or  severe 
bums  at  the  points  of  entrance  and  exit,  as  well  as  destruction  of  the 
tissues  in  the  path  of  the  bolt.  The  marks  of  the  burn  are  mostly  red, 
forming  peculiar  ramified,  zigzag  lines,  the  so-called  lightning-figures 
(Fig.  1),  which  are  essentially  a  hypewemia,  and  soon  disappear  if  severe 
burning  has  not  occurred. 

Mechanical  Influences  are  frequently  productive  of  pathological 
conditions,  causing  those  lesions  which  are  known  as  contusions,  wounds, 
lacerations,  fractures,  concussions,  etc.  These  influences  act  through 
destruction  of  tissue,  through  changes  in  the  organization  of  tissue,  not 
externally  recognizable,  through  lesions  and  ruptures  of  the  vessels,  and 
through  irritation  of  the  nerves.  The  sequel®  are  destruction  of  tissue, 
disturbances  of  th^  circulation,  inflammations,  and  growths  due  to  pro- 
liferative processes.  Frequently  repeated,  though  trifling,  mechanical 
traumatisms,  as  rubbing,  cause  congestive  hyperaemia  followed  by  inflam- 
mation and,  if  the  traumatisms  are  continued,  hyperplasia  of  the  tissues. 
If  large  quantities  of  insoluble  dust-particles  are  continuously  brought 
to  the  lungs,  marked  changes  will  be  noticed  in  the  lungs  themselves  and, 
under  certain  circumstances,  in  other  internal  organs.  One  can  group 
these  changes  under  the  name  of  dust-diseases.  Continuous  pressure 
and  diminution  of  the  amount  of  space  allowed  an  organ  may  cause 
atrophy  of  that  organ,  as  seen  in  constricted  liver  following  tight  lacing. 

§  7.  Mechanical,  thermal,  electrical,  and  many  chemical  agents,  espe- 
cially those  of  a  corrosive  nature,  cause :  first,  local  injuries  to  those 
tissues  which  may  be  attacked  directly ;  second,  a  general  involvement  of 
the  nervous  system  through  the  influence  of  the  local  irritation.  The  trauma 
can  produce  tliis  involvement  by  directly  attacking  the  central  nervous 
sj'stem  or  tlirough  the  irritation  of  the  sensory  or  sympathetic  nerves, 
thus  producing  a  number  of  additional  nervous  symptoms. 

If  the  cerebral  functions  are  disturbed  by  direct  agitation  of  the 
cranial  contents,  and  unconsciousness  is  the  result,  the  condition  is 
termed  commotio  cerebri  or  concussion  of  the  brain.  This  term  is 
given,  however,  when  the  trauma  has  not  visibly  altered  the  structure 
of  the  brain,  at  least  not  to  a  considerable  extent  nor  in  a  striking 
manner. 

Should  phenomena  of  inhibition  and  paresis  be  produced  reflexly  by 
intense  irritation  of  the  peripheral  nervous  system,  especially  attacking 
the  functions  of  the  heart  and  the  respiratory  tract,  the  term  shock  is 
eoramonly  employed  to  designate  the  entire  group  of  symptoms  observed 
under  these  conditions.  The  most  common  causes  of  shock  are  injuries 
to  the  vertebral  column,  abdominal  cavity,  or  scrotimi  j  less  frequently 
to  the  extremities  or  to  the  thorax.  Further,  shock  is  caused  by  light 
ning,  burns,  corrosions  of  the  skin,  fear,  and  psychical  emotions,  through 
whatever  channels  they  are  conveyed  to  the  brain.  An  individual  whose 
nervous  system  is  in  a  particularly  irritable  condition  is  especially  liable 
to  shock;  conditions  of  alcohoUc  or  drug  narcosis  inhibit  its  appearance. 

Shock  is  chiefly  characterized  by  weakened  energy  of  the  heart's 
action ;  by  an  irregular  breathing,  which  leads  to  a  decrease  in  the  inter- 
change of  gases  in  the  tissues ;  and  by  a  lowering  of  the  temperature 
(Roger),  Owing  to  these  conditions  the  venous  blood  of  ]>ersons  dying 
from  shock  is  lighter  in  color  than  the  normal  venous  blood  (Roger).  In 
shock  consciousness  generally  remains,  the  skin  and  the  visible  mucous 
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inein>)ranes  are  pale,  and  the  jiulse  is  sniall  and  markedly  slowed,  fiften 
>K*iii^  iiTegiilar  mid  inti'n*iiptr<I. 

lu  a  i>«r84>ii  suffering  frrtiu  shock  the  nenous  symptomst  are  varii^. 
He  nuiy  Ix'  agitated,  and  groan,  shriek,  and  ery  out  witli  fear.  Tliis 
anguish  of  mind  is  associated  with  full  Vin-athiug,  and  is  known  an  ftr- 
thi-'<fir  shtck.  He  may  he  ijuiet,  partially  coutseiuus,  witli  sunken  eounte- 
nance,  showing  evidences  of  marked  weakness  in  the  s*>nsory  nnd  motor 
functions.  Tliis  cond»inati(Ui  of  symptoms  is  known  us  torpitl  .vfiorl:  In 
severe  eases  death  follows  from  the  slopping  of  the  heart's  action  and 
the  ees8ati«>n  of  tlie  respiration. 

Shock,  in  its  iiTJtation  of  the  terminal  fibres  ot  the  jK-riphenil  nen-ons 
system,  in  closely  alliiHl  etiologically  to  ttiat  plienonieiuiu  wliiclj  we  (fail 
syncope.  .Syncope.  howc\er.  is  to  lie  tiiffcrentiuted  from  shock  in  that 
the  chief  symptom  is  a  loss  of  o*»ns<*iou8ness  of  short  duration,  while  the 
lieart's  ai^tiou  and  the  breathing  show  no  marked  disturbance.  In  syn- 
cope We  have  prodromes,  such  as  eithliness,  tinnitus  uui-iuin,  and  dark- 
ening of  the  visiird  fir  Ids,  all  of  wliirli  nrc  absent  in  sliork. 

Not  infret|ueutly,  as  the  residl  of  injuries  in  vnrious  poHions  of  llic 
lx)dy,  tlieiv  may  imse  more  or  less  marked  functional  eluinges  in  the 
nervous  system,  which  often  remain  after  the  local  injuries  to  the  tissues 
are  entirely  healed.  Tlies*'  <flmrigi's  ejuinot  Ik*  ei*iisidercd  in  any  way 
dependent  upon  anatomical  changes  of  the  periphend  or  <'cutT-al  nei'vons 
system,  but  nmst  be  cftnsidered  as  pttffhj  funrtiffUdl  {fli^ntfioHs  nf  tt  ftsff- 
r'hiaii  oriijin.  They  are  generally  termed  traumatic  neuroses,  liervoiis 
diseases  of  accidental  orij^in,  and  are  frequently  clniraeterizcd  by  sub- 
jeetive.  but  sometimes  also  bv  objective  sympt«uns.  To  the  first  class  of 
symptoms  l)eh)ng  puins  which  are  not  m'cessHriJy  lo4'alizt'(i  at  the  sent  of 
the  injury,  as,  for  instance,  heatlachc,  chest-pains,  bju-kachc,  (liffieulty  in 
nmtion.  gi-neral  lassitude  and  inability  to  perform  mental  hibor,  diihiess 
of  perception,  disturbed  vision,  tiittings  befoiv  the  eyes,  giddiness,  i*est- 
less  sleep,  h»ss  of  appetite,  and  indigestion.  To  these  syiuptoms  Oppcn- 
heim  nnd  Striinipell  have  nddetl  psychienl  ill  humor  of  a  ln7)<tf'hondnac 
or  melanebolie  chaj*acter.  invgularly  pla^'cd  patelies  of  cutaneous  anaw- 
thesia.  enfeeblement  of  sense  of  taste,  liearing,  or  smell.  m(ttor  palsies, 
hypenesthesias,  concentric  narrowing  of  the  visual  tields,  jiarcscs,  mus- 
cular spasms,  tremors,  aeeelei*ation  of  the  pulse,  and  a  tendency  to 
sweating. 

Aceifrding  to  the  opinion  of  the  writei-s  upon  this  snbject,  we  are 
dealing  ill  these  cases  prineipally  with  symptoms  which  an*  referable  to 
a  psychical  shattering  of  the  iK-reeptive  life,  a  psyr-houeurosis,  which  is 
less  often  eauscd  by  the  tramuatism  and  the  actMimpanying  psychical 
shoek  than  by  the  cimsc(|urut  anxiety  over  the  injury  to  hi>alth  aiul  htss 
of  business.  Sometimes,  through  disturbance  of  the  normal  relation 
between  the  mental  processes.  1br  ]iaticn1's  condition  is  changed  to  one 
that  suggests  hysteria,  in  part  due  to  Ibe  s|Mmtaneous  occun-eufc  of  ah- 
nonnal  sensations,  called  byi>ocbotHlria,  and  in  part  to  a  nciirMsthcnia. 
If  voliti(m  no  longt^r  finds  a  way  to  the  motor  centers,  hystencal  jialsies 
are  established.  If  the  noriual  exertion  and  inhibition  of  tin-  will-jtowcr 
be  broken  down,  so  tliat  nnreaaonable  will-stimuli  are  ctvuteii  nml  reach 
the  mn.s<;les,  wc  have  hystei-ical  i-onvidsious,  c(tntraetni*es,  or  cramps.  If 
tlie  ner\'ons  irritation  originating  in  the  seneorj*  tract  does  not  enter  the 
an»a  of  eon.M'ionsness.  we  have  an  hysterical  anapsthcsin.  If  there  are 
present  in  the  conseiouauess  images  of  awaited  or  feared  objeeta.  and  if 
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these  images  be  intensified  by  the  conditions  of  the  disease  into  true 
subjective  irritations  of  consciousness,  we  shall  have  hysterical  pains  and 
neuralgias  (Striinipell). 

2.  The  Origin  of  Diseases  through  Intoxication. 

§  8.  By  poisoning  or  intoxication  we  mean  that  impairment  of  kealthj 
occasioned  by  the  injury  to  a  tisstie  of  the  hotly,  which  certain  agents  are 
capable  ofprodtwing,  under  suitable  circumstatices,  by  reason  of  their  chemical 
nature.  Those  substances  which  are  designated  as  poisons  belong  in 
part  to  the  mineral,  in  part  to  the  vegetable,  and  in  part  to  the  animal 
kingdom.  Poisons  are  found  as  such  in  nature,  or  are  produced  arti- 
ficially from  organic  or  inorganic  substances,  which  either  may  be  non- 
poisonous  themselves  or  may  possess  properties  quite  different  from  such 
poisons.  Among  the  most  important  poisons  are  the  products  of  the 
metabolism  of  animals  or  plants.  The  combinations  which  take  place 
under  these  circumstances  are  formed  either  within  the  tissues  of  the 
plant  or  animal,  or  from  the  nutrient  materials  surrounding  them,  through 
the  occurrence  of  transformations  of  non-poisonous  elements,  or  of  ele- 
ments which  exert  an  entirely  different  action. 

The  poisons  which  belong  to  the  mineral  kingdom  or  which  are  produced 
from  minerals  are :  metallic  mercury,  chlorine,  bromine,  iodine,  sulphur, 
and  various  combinations  of  these  substances,  besides  many  combina- 
tions of  arsenic,  antimony,  lead,  barium,  iron,  copper,  silver,  zinc,  potas- 
siimi,  sodium,  chromium,  etc.  The  best-known  poisons  containing  carbon 
which  are  artificially  produced  are:  chloroform,  chloral  hydrate,  ether, 
alcohol,  iodoform,  carbon  disnlphide,  hydrocyanic  acid,  potassium  cya- 
nide, oxalic  acid,  nitroglycerin,  nitrite  of  amyl,  petroleum,  carbolic  acid, 
nitrobenzol,  picric  acid,  and  aniline.  In  general  it  is  to  be  noted  that 
modem  chemistry  is  continually  producing  new  substances  which  act  as 
poisons. 

Among  the  poisons  produced  by  plants  of  the  higher  order,  which  are 
especially  noteworthy,  are :  the  organic  alkaloids,  such  as  morphine,  quin- 
ine, colchicine,  atropin,  hyoscyamine,  veratrine,  strychnine,  cui-arine, 
solanine,  nicotine,  digitalin,  santonin,  aconitin,  cocaine,  coniine,  mus- 
carine, and  ergotine,  all  of  which  may  cause  severe  poisoning,  even  in 
small  doses. 

Lower  forms  of  plant  life,  especially  the  bacteria,  produce  non-poisonous 
and  poisoftous  substances  in  the  nutrient  material  (albuminous  bodies)  in 
tehich  they  develop.  Some  of  these  substances  are  similar  to  the  vegetable 
alkaloids,  some  to  the  ferments,  and  are  accordingly  termed  toxic  cadar- 
eric  alkaloids,  toxic  ptotnaines,  ttmns,  toxalbumins,  and  toxenzyms  (com- 
pare §  12 ;  also  Section  IX.).  It  follows  that  the  blood,  the  flesh,  or  any 
organ  of  a  healthy  animal  may  acquire  poisonous  properties,  in  conse- 
quence of  changes  which  are  set  up  in  them  by  the  influence  of  bacteria. 
Those  diseases  which  are  held  to  be  due  to  sausage-,  meat^,  fish-,  and  cheese- 
poisonings  are  in  part  ascribable  to  the  fact  that  bacteria  have  developed 
in  these  food-products,  and  out  of  albuminous  material  have  produced 
the  poisonous  products  of  metabolism.  In  other  cases  the  bacteria  may 
have  developed  in  the  slaughtered  animal  during  its  life,  so  that  the  ani- 
mal was  diseased  when  killed;  and  the  person  eating  its  flesh  acquires 
the  poison,  or  is  infected  by  the  identical  disease  with  which  the  animal 
was  affected.    Under  certain  conditions  food  which  is  in  no  way  spoiled, 
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but  which  contains  bacteria,  may  be  taken  into  the  stomach  and  digested, 
and  thti  bacteria  thus  liberated  may  develop  in  the  alimentary  tract  of 
man  and  produce  poisoning,  by  means  of  the  toxins,  toxalbumins,  or 
enzyms  which  are  formed  by  their  multiplication. 

Among  the  animals  which  n&nnally  produce  poisons  within  certain 
tissues  of  their  bodies  the  best  known  are :  serpents,  toads,  salamanders, 
scorpions,  Spanish  flies,  and  many  other  insects  which  are  supplied  witli 
stings.  Latterly  much  attention  has  been  given  to  the  poisonous  sub- 
stances which  are  to  be  found  in  the  internal  organs  of  fishes  and  mol- 
lusks.  There  are  certain  forms  of  sea-fish  that  are  constantly  poisonous, 
and  others  also  that  are  only  poisonous  at  certain  times ;  sudi  observa- 
tions have  been  made  eroecially  on  the  fish  in  Japanese  waters.  Ac- 
cording to  Saotscheuko,  the  poison  in  many  poisonous  fishes  is  secreted 
by  the  glands  of  the  skin  at  the  roots  of  the  dorsal  and  caudal  fins,  and 
may  be  found  in  their  eggs.  According  to  Remy,  Miura,  and  Takesaki, 
the  poisonous  fish  belonging  to  the  family  Gymnodontes  (tetrodons) 
secrete  poison  only  in  the  sexual  organs.  According  to  Mosso,  there  is 
found  in  the  blood-serum  of  eels  a  poisonous  substance,  ichthyotoxin, 
which  acts  detrimentally  if  ingested  into  the  intestines  of  the  ordinary 
animals  used  for  experimentation,  and  can  produce  death.  Observations 
of  poisoning  from  eating  moUusks  have  been  recently  made  at  Wilhehns- 
hafen  which  have  excited  considerable  interest.  Severe  illness,  with 
death  in  certain  cases,  followed  the  eating  of  moss-mussels  {MyUlus 
edulis). 

According  to  M.  Wolff,  the  poison  is  contained  in  the  liver  of  the 
mussels.  According  to  Schmidtmann,  Virchow,  Salkowski,  and  Brieger, 
the  action  of  the  poison  is  similar  to  that  of  curari.  According  to  Brie- 
ger,  there  can  be  obtained  from  the  poisonous  moss-mussels  basic  sub- 
stances which  are  similar  in  their  composition  to  the  ptomaines — that  is, 
to  the  basic  products  of  decomposition.  How  far  the  causes  of  the  poi- 
soning are  to  be  ascribed  to  normal  and  how  far  to  diseased  processes 
in  the  life  of  these  fishes  and  moUusks  has  not  been  determined  at  the 
present  time.  From  the  fact  that  the  moss-mussels  were  only  poisonous 
in  certain  areas  (Schmidtmaim,  Wolff)  where  the  water  was  impure,  and 
that  the  starfish  found  in  the  same  localities  were  similarly  affected 
(Wolff),  it  would  seem  probable  that  in  a  certain  number  of  cases  the 
poisonous  action  observed  in  the  mussels,  as  well  as  in  the  starfish, 
must  be  referred  to  the  influence  of  uncleanliness,  or  to  pathological  alter- 
ations of  the  natural  processes  of  life.  It  is  probable  that  the  bacteria 
which  are  found  in  mussels  which  live  in  stagnant  canal-water  may  be 
the  cause  of  the  deadly  action  (Lustig).  In  other  cases  the  cause  seems 
to  have  been  connected  directly  with  special  circumstances ;  for  instance, 
with  the  production  of  elements  elaborated  by  the  sexual  organs. 

It  is  difficult  to  give  an  exact  definition  of  a  poison  and  of  poisoning,  since 
the  action  of  the  substances  considered  above  varies  with  the  dose  and  the 
attenuation,  as  well  as  with  the  method  of  introduction  into  the  tissues  of  the 
body.  It  is  well  known  that  even  the  most  powerful  poisons  may  be  introduced 
into  the  tissues  in  small  doses  not  only  without  doing  damage,  but  even  in  such 
a  manner  as  to  produce  a  beneficial  and  curative  effect  upon  them.  On  the 
other  hand,  substances  which  are  not  usually  classed  among  the  poisonSj  as,  for 
instance,  non-corrosive  sodium  salts,  when  introduced  into  the  organism  m  large 
quantities  or  in  concentrated  solutions,  induoe  phenomena  which  must  be  as- 
cribed to  the  action  of  a  poison.    Furthermore,  poisonous  substances  sufficiently 


INTOXICATIONS.  19 

diluted  (phenol)  may  serve  as  foods.  In  the  above  definition  I  have  come  to 
the  same  conclusion  as  Kobert,  and  have  utilized  in  the  following  paragraphs, 
concerning  the  workings  of  poisons,  much  material  from  his  "  Text-book  on  In- 
toxications," published  in  1893.  In  this  work  a  very  lax^e  and  rich  amount  of 
material  is  gathered  together  and  well  summarized. 

§  9.  Poisons  may  be  divided  according  to  their  actiou  into  three 
classes :  first,  those  which  produce  local  changes  in  the  tissues ;  second, 
those  which  produce  an  injurious  action  upon  the  bloi>d  j  third,  those 
which  produce  in  the  tissues  auatouiical  alterations  which  are  not  recog- 
nizable. 

The  poisons  whicli  produce  pronounced  local  alterations  in  struc- 
ture injure  primarily  the  tissues  with  which  they  come  directly  in  con- 
tact upon  entering  the  body.  If  these  substances  are  absorbed  by  the 
juices  of  the  body,  injury  may  i-esult  to  the  most  diverse  organs  and 
tissues;  but  they  most  fi-equently  confine  their  action  to  the  organ  in 
which  they  are  stored  up,  or  to  which  they  are  brought  for  purposes  of 
secretion,  as,  for  instance,  the  liver,  the  intestines,  or  the  kidneys. 

The  most  frequent  situation  for  the  primary  injurious  action  is  the 
mucous  membrane  of  the  upj>er  alimentarv  canal  and  the  respiratory 
tract ;  but  in  many  cases  of  poisoning  the  skm  is  the  first  point  attacked. 
Very  often  poisons  are  employed  as  disinfectants — ^i.e.,  they  are  pur- 
posely used  to  prevent  the  growth  of  or  to  kill  off  bacteria  which  have 
come  in  contact  with  wounds.  When  thus  used  they  can  produce  local 
changes  in  the  tissues,  or,  through  absorj)tion  by  the  circulatory  streams, 
injure  the  internal  organs  or  the  entire  body. 

The  first  group  of  poisons  to  be  discussed  here  is  made  up  of  those 
substances  which  produce  severe  changes  in  the  tissues  at  the  point  of 
contact.  From  the  similarity  of  the  results  of  this  contact  to  bums, 
these  poisons  have  been  called  caustics*  or  corrosive  agents.  If  the 
action  of  the  caustic  reaches  the  highest  characteristic  grade,  the  tissue 
attacked  will  be  entirely  destroyed,  in  one  case  being  converted  into  a  dry, 
hard  crust,  in  another  case  into  a  moist,  soft  one.  If  the  action  is  less 
severe — because  of  the  application  of  a  less  concentrated  solution  of  the 
caustic,  or  because  the  chemical  substance,  though  applied  in  concen- 
trated solution,  acts  incompletely,  or  because  the  tissue  itself  is  resistant, 
as  in  the  case  of  the  skin — we  have  less  severe  changes,  which  are  char- 
acterized by  redness,  swelling,  inflammation,  and  htemorrhages.  Very 
often  one  finds  in  the  same  organ  diverse  changes,  as  local  sloughings  or 
necroses,  htemorrhages,  inflammations,  and  swellings  due  to  slight  local 
extravasations  of  blood.  If  the  condition  has  been  present  for  some 
time,  the  local  changes  are  more  or  less  wide-spread,  while  in  a  single 
application  of  the  caustic  the  tissues  are  iuflnnied  only  within  a  limited 
area. 

As  substances  which  a<*t  in  this  manner  shoidd  be  meutionod  the 
corrositv  acuh:  sulphuric,  nitric,  hydrochloric,  ph<)sphori(\  oxalic,  accti**, 
arsenious,  arsenic,  osmic,  laetic,  carbolic,  and  sidicylic.  To  this  class 
als*)  belong  the  corrosive  compounds  of  the  alkalis  ami  alkaline  earths,  as 
potassium  and  sodium  hydrate  (watery-  solutions  of  KOH  and  NaOH), 
caustic  ammonia  (NHs  dissolved  in  water),  annnonium  carbonate,  caustic 
lime,  and  barium  sxdphate.  To  this  list  sliould  also  be  added  a  number 
of  corrosive  salts,  as  those  of  antimony  (tartar  emetic  and  antiiiiony 
trichloride),  salts  of  merciny  (coi-rosive  sublimate  and  i*ed  precipitate), 
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nitrate  of  silver,  chloride  of  ziuc,  sulphate  of  zinc,  sulphate  of  copper  and 
acetate  of  copper,  alumiuium  acetate,  potassium  chromate,  potassium 
bichromate,  and  chloride  of  iron. 

Among  the  especially  irritant  pohons  derived  from  animals  are  :  can- 
tharidin,  obtained  from  the  beetle  Ltftfa  vemcatoria  ;  phryuin,  contained 
in  the  secretions  from  the  cutaneous  glands  (parotid)  of  toads ;  the  secre- 
tions from  the  poisonous  glands  of  snakes  and  scorpions ;  the  secretions 
from  the  sting-gliiuds  of  bees,  wasps,  and  hornets ;  the  secretions  from 
the  salivary  glands  of  stinging  gnats,  flies,  and  horse-flies  j  the  secretions 
from  the  poisonous  glands  of  the  maxillary  proboscis  of  spiders  (Taran- 
tula), which  produce  local  necrosis  or  give  rise  to  inflammation.  Finally, 
many  of  the  higher  plants  produce  substances  which,  when  brought  in 
contact  with  the  tissues,  cause  local  irritation  and  inflammation.  Ex- 
amples are :  daphne,  various  forms  of  Ranunculus,  anemone,  marsh-mari- 
gold, calla,  dragou-root,  Crohn  tiglii  (producing  in  its  seed  croton-oil), 
buckthorn  {Uhamnus  euthartica),  water-elder  {Rhamnus  frangula).  These 
plants  produce  the  poisonous  substances  either  in  their  blossoms,  or  in 
their  seeds,  stems,  or  roots. 

The  character  of  the  local  chauges  which  the  substances  mentioned 
above  produce  is  naturally  very  varied,  and  is  dependent  in  part  upon 
the  activity  of  the  jwison,  and  in  part  upon  the  place  and  manner  of  its 
application.  Mineral  salts,  liquor  potasste,  and  strongly  concentrated 
corrosive- sublimate  solutions  produce  marked  eschar-formations,  asso- 
ciated with  severe  htemorrhagic  inflammations,  especially  when  taken 
into  the  stoma(;h.  Through  the  action  of  acids  a  strong  demand  is  made 
upon  the  alkaline  fluids  of  the  body,  and  we  find,  in  consequence,  alter- 
ations in  the  respiration  and  the  circulation.  The  poisons  from  the 
poisonous  glands  of  snakes,  which  belong  to  the  toxalbumins,  cause 
usuall}'  very  severe  local  inflammations  and  haemon-hages,  which  often 
become  wide-spread  and  sometimes  occasion  marked  gangrene  of  the 
tissues.  There  are  other  snake-poisons  which  produce  only  slight  local 
changes,  while  the  systemic  poisonous  symptoms  are  l)y  far  the  most 
marked.  There  is  a  volatile  or  gaseous  class  of  poisons  which  cause  local 
irritation  of  the  tissues,  especially  of  the  mucous  membranes  of  the  eye 
aiul  of  the  respiratory  tract  {irrespirahle  gases).  To  this  class  belong  tiie 
fumes  of  ammonia,  chlorine,  sidphuric  acid,  nitrogen  monoxide,  nitrogen 
dioxide,  nitrogen  trioxide,  osmic  acid,  and  mustard-oil.  The  intensity  of 
action  of  these  poisons  varies  also,  often  occasioning  mere  temporary 
redness,  but  being  able  also  to  produce  severe  inflammation  and  necroses 
of  tissue.  Prom  the  imtation  of  the  respiratory  tract  coughing  is  pro- 
duced, and  ))y  spasm  ^)f  the  lannx  the  breathing  may  be  interfered  with. 

There  are  added,  in  many  cases,  to  the  local  irritation  and  inflammation 
caused  by  the  action  of  this  class  of  poisons,  further  effects  ttpon  the  internal . 
orgnns.  After  the  absorption  of  these  poisons  by  the  juices  of  the  body, 
those  organs  suffer  most,  as  a  rule,  in  which  the  poison  is  retained  or 
elaborated,  although  the  action  may  extend  also  to  those  organs  which 
do  not  take  part  in  the  excretion  of  the  poison.  After  the  applicati<Jii 
of  certain  poisons  the  lesions  at  the  point  of  entrance  are  transient  and 
unrecognizable.  Tlie  first  recognizable  anatomical  lesions  occur  in  tis- 
sues to  which  the  poison  has  been  carried  by  the  blood.  Finally,  a  given 
poison  may  act  as  a  nerre-  and  heart-poison,  so  that,  clinically,  this  action 
appears  more  prominently  than  the  local  tissue-degeneration.  After  cor- 
rosive-sublimate poisoning,  cell-necrosis  takes  placre  in  the  secreting  por- 
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tion  of  the  kidneys,  combined  with  marked  inflammation  of  the  colon. 
Salts  of  chromic  acid,  cantharidin,  and  many  acids  cause  more  or  less 
marked  tissue-necrosis  and  inflammation  in  the  secreting  portion  of  the 
kidneys  and  in  other  parts  of  the  urinary  tract. 

Phosphorus,  arsenic,  and  antimony,  which  are  but  mildly  corrosive^ 
produce  tissue-degenerations,  principally  of  a  hsemorrhagic  or  fatty 
nature,  in  the  kidneys,  liver,  heart,  muscles,  and  capillaries  of  different 
organs.     These  changes  are  seen  especially  after  phosphorus-poisoning. 

If  an  individual  is  exposed  for  months  or  years  to  the  vapor  of  yel- 
low phosphorus,  it  may  produce  an  inflammatory  necrosis  of  the  jaw- 
bones ;  but  this  necrosis  only  takes  place  when  the  inhalation  of  the  vapor 
is  combined  with  such  conditions  as  putrid  decomposition  in  the  mouth, 
or  decayed  teeth.  In  growing  bone  small  doses  of  phosphorus,  frequently 
repeated,  can  produce  an  increased  osteogenesis. 

After  the  long-continued  use  of  nitrate  of  silver,  black  silver-deposits 
may  be  found  in  the  most  diverse  tissues  of  the  body — in  the  skin,  in  the 
kidneys,  in  the  intestinal  villi,  and  in  the  choroid  plexus  of  the  brain. 

The  snake-poisons  possess,  in  addition  to  their  local  irritant  action,  a 
paralyzing  effect  upon  the  nervous  system  and  the  heart.  So  after 
snake-bite  we  may  have  death  from  paralysis  of  the  centre  of  respiration. 

Solutions  of  lead,  when  taken  into  the  alimentary  tract,  may  have  a 
corrosive  action  on  the  mucous  membrane,  giving  rise  to  inflammation, 
and  producing  such  intestinal  symptoms  as  vomiting,  diarrhoea,  consti- 
pation, and  gastric  cramp,  associated  with  such  nervous  symptoms  as 
anaesthesias,  motor  palsies,  convulsions,  faintings,  and  unconsciousness. 
If  lead  be  ingested  continuously  for  a  long  time,  general  diisturbances 
show  themselves,  such  as  derangements  of  digestion,  intestinal  colic, 
pain  in  the  limbs,  amesthesia,  motor  palsies,  disturbances  of  cerebral 
activity,  and  kidney-disease.  These  various -lesions  are  undoubtedly  de- 
pendent upon  the  dispersion  and  deposition  of  lead  in  the  body,  leading 
to  the  most  wide-spread  anatomical  changes. 

The  active  poisonous  principles  of  ergot  {SecaU  comutiim)  are  sphace- 
linic  acid  and  comutine.  When  taken  in  large  doses,  as  continuously  in 
bread,  this  drug  causes  itching,  pains,  cramps  in  the  extremities,  and, 
later  on,  numbness  and  a  feeling  of  cold  in  the  tips  of  the  toes  and 
fingers.  This  condition  may  go  on  to  more  or  less  wide-spread  gangrene 
and  sloughing  of  the  parts,  with  the  formation  of  ulcers  in  the  intestines 
{ergotism^  itching  disease).  These  results  are  attributed  by  von  Reckling- 
hausen and  Kobert  to  peculiar  changes  in  the  arteries  due  to  the  action 
of  the  ergot.  In  long-continued  poisonings,  degenerations  take  place  in 
the  spin^  cord  (Tuczek). 

§  10.  Poisons  tchich  cause  changes  especially  in  the  Wood,  and  hene* 
may  be  called  blood-poisons,  are  partly  gases  and  partly  fixed  substances 
which  are  absorbed.  The  latter  are  absorbed  principally  from  the  intes- 
tinal tract:  they  may,  however,  enter  the  body  through  wounds,  or  they 
may  be  injected  directly  into  the  blood-ve.*«els.  Sometimes  these  bUMxl- 
poisons  produce  also  a  hnjal  action  uj>on  the  tissues  at  the  point  of 
entrance;  again,  there  may  he  joined  to  the'action  on  the  blood  a  direct 
influence  upon  the  nervous  system,  producing  death  under  certain  cir- 
cumstances, even  before  the  action  upon  the  1>1(mk1  has  l>efn  recognized. 
Finally,  it  should  be  noted  that  the  blood-changes  indiv-ed  by  the  iM)ison 
may  produce  secondare  diseases  in  the  different  organs,  as,  for  instance, 
the  kidneys,  the  liver,  the  intestines,  and  the  brain. 
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The  most  important  lilood-]i(*isou  is  undo\^^rte(Xiy  rarbon-mmwjrhh  t/H.% 
wliirli  ('Hust's  an  i'fl't'ct  upon  llio  i)loo(l.  mu\  very  frequently  priiduccH 
uion*  or  li'ss  serious  or  ti«'a*]ly  poisouiiijiis.  Most  fix*<jueutty  tin.'  jtoistm- 
in^  oecui's  from  llie  fiirlion  monoxide  fimtaiueil  in  eoal-  or  ilUiniinatinj^- 
gaK.  This  gas  may  also  he  produced  aft^r  tlie  burning;  of  gunpowder  or 
giui-eotton. 

The  action  of  the  carbon  monoxide  taken  in  liy  l)reathinjr  eonsists 
largt'Iy  in  its  rombiniiti'in  witli  the  hivnti>^lol»iu,  forming  eariwi-oxy- 
h«*mo|flobin.  Tliis  combination  d^H-i-eascs  the  amount  af  oxyjjen  in  the 
hemoglobin  and  liinders  the  taking  up  of  oxygen  J»y  this  substance, 
even  when  the  ivs}ured  air  contains  as  low  as  (M)')  per  cent.  4ir  O.O'J  per 
cent,  of  t'O  (Undier).  The  bhwd-ciirpuscles  are  uot  eluinged  in  ajipear- 
ance  by  this  poison.  If  a  sudden  addition  of  carbon  mnnoxide  reaehes 
the  nein'ous  system,  it  may  pi-oduee  diivet  injuiy  t^i  it,  giWng  rise  to 
crampH  and,  lat*r  ou.  to  paralysis  (tieppert.  Robert).  In  eases  of  jwison- 
ing  lasting  for  a  long  time,  the  disphicemi»iit  of  tlie  oxygen  in  a  large  jtor- 
tion  (if  th*'  blood.eoqms<*h's  may  produce  tissue-asjiiiyxia.  If  the  puisuned 
individual  does  not  die,  lie  nuiy  isulTer  from  ilislurbaiieesttf  the  initntion 
of  vari(nis  organs  of  the  IkkIv.  espreifdJy  (»f  tlie  nervous  system.  The 
poisoning  its*'lf  in  eharaeteri/.ed  by  lieadache.  linnitus  aurtuni.  fainting, 
malaise,  vomiting.  gidtUuess,  en»mps,  palsies,  and  coma.  T!ie  1»1(hh1  itself 
turns  a  ]iale-violet  or  cherr\'-red  cohtv  on  aceoinit  of  the  increase  in  car- 
bon monoxide,  and  the  iiitei-n*U  tvrgans  have  a  peculiar  bright-red  color. 

A  second  not  infreituent  form  of  jjoisoning  is  that  pr<Mhiced  by  hytUo- 
cyauir  aritf  (CNH),  wliich.  in  cftnibination  as  fnfftu,tiutn  njamdv  (<.'NK),  is 
much  uHt'd  in  the  arts.  In  general,  hydrocyanic  a<*id  is  found  in  unstable 
condiination  in  the  leaves,  barks,  and  seeds  of  very  many  plants:  bitter 
ahnomls,  cliorry-  and  peacli-stones,  ap|»le-see<iK,  leaves  from  the  eomynon 
laurel,  the  rind  of  PrmniH  pmlus,  the  root-biUbs  of  many  of  the  Euphor- 
bia, flaxseed,  et^*. 

Hydrocyanic  acid  iKissesses  a  ihfuble  action.  In  ixdatively  small 
doses  it  exert**  a  paralytic  iuHuence  upon  the  ceutral  nervous  system, 
and  death  may  l>e  produced  in  a  short  time — even  in  a  few  seconds — by 
paralysis  of  the  centres  of  res])ir»ti)»n  or  of  circulation.  Besides  this, 
thei*e  is  an  action  upon  the  fihu^d  and  lisKues,  mbbing  them  of  their 
ability  to  unite  with  and  use  oxygen  (Geppert),  so  tluit  these  organs 
suffocate  in  the  ]m'Sinee  of  i>xygen.  Arcording  tw  Kf^bcrt.  then*  is 
formed  a  cyau-ntcthtemnghtbin  which  apiieurs  bright  n-il  in  eohtr  and 
pn>duces  a  bright-red  ap|K'ariiriec  of  Hie  cudaveric  lividity. 

Among  the  third  class  of  ]>oisouous  substances  whidi  sh<*uld  be 
named  in  this  conneetion  is  hifU'wpn  yufphitU-  (H-S),  which  is  formed  in 
the  vapors  of  sewers  and  dung-pits,  and  which  may  pividnce  sudden  death 
by  paralysis  of  the  nervous  system,  wlu-n  inspin^d  in  largi"  amounts.  By 
long  ctmtact  "with  blood  containing  oxygen,  as  may  usually  be  seen  in 
decomposed  corpses,  sTdplau'-metlnvmoglobiu  is  formed,  the  blood  becom- 
ing greenish  in  color. 

Apart  from  tlicir  direct  iiction  on  the  nervous  .system,  carbon  mon- 
oxide, hydrocyanic  acid,  and  hydrogen  sulphide  produce  deleterious  effi'cts 
by  lowering  the  functional  ]>owers*  of  tiie  red  blood-eells,  tlirough  com- 
bination with  the  hivmoglobin. 


*  The  words  in  the  original  text  are— "die  fnnotionellen  T>Shnninffen";  bat 
the  latter  is  doubtless  a  misprint  for  "  Leiatongen."— Traksi^ator's  Note. 
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Another  Utrye  ffroup  of  poisons  injm'p  the  hlooti  ehiffttf  hy  destroyimj  the 
rfti  hlowt-rorjHisrUs  ami  fonttintj  methicmotjtohiit.  By  iiiethwnutglobin  we 
mulerstand  a  f*<nubinutiou  of  oxyuren  witli  the  hnMiioglolnn ;  the  amount 
of  oxypeti  present  in  the  e<^)nil>inutiou  being  the  same  as  in  oxyhfpmo- 
globin.  The  hfpmo^'lobin,  ]io\vever,  ban  l>een  boimd  uj»  with  the  oxygen 
into  a  more  stable  ebeniiral  citniixMnid  tlian  oxyliitmoglobiu.  Such  an 
action  is  pro(huM»d  by  oxidizing  substam-es,  as  ozone,  iodine,  sodium  liy- 
poehlorito,  ehhmUes.  nitrites,  and  nitrates ;  by  redueiug  agents,  as  naseent 
hydmgen,  jiidladiuni  hytlinde.  jiyrogallol.  p\Toeateehin,  bydrrx'hinon.  and 
ailoxautin ;  and,  finally,  by  substances  ■u-bich  act  differently  from  eitbi-r 
of  these,  ai?  aniline  salts,  tolnidin,  and  aeetnnilide.  In  the  cliange  from 
haemoglobin  \o  Juetba'ni<»globin  tlirougb  oxidizing  agents,  oxyha^mo- 
gtobiii  is  i>res4Mit  as  an  intervt-ning  stage. 

The  pi-odnetiou  of  metbaMuoglobin  can  take  place  as  well  in  the 
blood -e<»rpuscles  as  in  the  coloring-matter  which  lias  escaped  into  the 
blood-plasma;  but  the  destruction  of  bh>od-cirti>nsele8  and  tbe  es<*ai>e  of 
hteraogbjl>in  into  the  biood-iilasma  are  n<it  always  ftdlowed  by  the  fonna- 
tion  of  methannoglobin.  In  case  of  siu^h  a  murked  dcstmetion  of  red 
blood-cells  as  n+^mrs  in  poisoning  fr*mi  ]ihallin,  belvellic  acid,  and  arse- 
ninretted  hydrate,  i*\\\\  a  p<trtiou  of  tbeluemoghtliiii  is  ehangcil  iiitn  met- 
ha?raoglohin.  lia-niugl'iltju  and  oxylueiungloliin  hiivr  ii  red  color,  niet- 
hjpinoglobin  a  sepia->)rown  c<>ior. 

Dissohition  of  tlie  red  eorpnseles  and  the  formation  of  inethienioglo- 
bin  is  aoen  after  poisonings  which  have  produced  marked  local  tissm*- 
cbanges,  as,  for  instance,  poisonings  with  acids,  salts  of  tbe  metals,  and 
ph*vspborua;  but  a  great  mindjer  of  other  substances  have  tbe  ]>!*operty 
of  attacking  the  blwul  and  changing  tbe  coloring-matter. 

Phatlin,  a  toxalbumin  which  is  found  in  mushrooms  {Ammiitn  s.  Agti- 
rims  phaftoitlfji),  the  hffvtUir  ttdtf,  wbirb  (m'('ui*s  in  fresb  Hfh'f-Jht  cscHicnto 
and  is  lost  if  the  fungus  l)e  dried,  uiul  an^fttiufHfit!  hfftlrtHjni  (AS.H*') 
have  a  very  dissohing  iietion  on  the  red  blood-corjiusfles,  and.  in  conse- 
quence, produce  an  increased  formation  of  biliary  pigment,  as  well  as  a 
deposition  of  the  derivatives  of  the  blood-coh)ring  matter  iu  the  liver 
and  kidnevs. 

Potmsium  rhhmtte  (CLCPK).  pi/rot/uliol  (C^«H«[()H)^),  ht/drazitie  (H^N— 
XH-).  lolnyhiHUamittp  (CH^INH^J-iCH^),  nitrobetizol  (0'H''Xb"'),  ititrogltfreriu 
(O'WlOy^O-Y),  ^ntHjl  uUriff  {CnV^'SO-),pirrir  arid  {V^^ 
(C"H^NH-),  rarhou  disulphide  (C'S^),  are  distinctive  in  their  action,  in  that 
they  sometimes  cause  the  destruction  of  tbe  red  bbiod-coriniscles  in  tlie 
formation  of  methn^nnigbibin.  and  they  sometimes  do  not. 

After  a  very  large  dose  of  potassium  cldomte.  death  may  occur  in  a 
verv  few  hours,  tiirougb  destnictiou  of  the  bhMMl-eoi*|>UKcles  an*!  the 
action  of  the  potassium,  with  the  development  of  vomiting,  dian*ha*a, 
dyspnoea,  cyanosis,  antl  weakening  i»f  the  heart.  The  blmid  in  these 
cases  is  of  a  ch<Mfolate-brown  color.  In  more  protracted  cases  (tf  poison- 
ing with  small  doses  we  find  the  pvo<lucts  of  the  destruction  of  thi'  blofid 
in  tiie  spleen,  liver,  marrow  of  the  bones,  and  kidneys :  and  the  urine  may 
show  a  red  dish -broT\ni  to  black  color  (metbiemoglobin).  Tlie  presence  of 
delirium,  numbness,  coma,  and  enmips  during  the  illness  shows  that  tbe 
central  nervous  svstem  is  niarkeiUy  affected.  Pyrogallol  pi-oduces  sim- 
ilar sj'mptoms.  hydrazine  and  phenyl  hydrazine  piv»dnce  mnltii^le  ecchy- 
moses,  besides  the  destruction  of  the  red  bbiod-eells,  with  the  prodnction 
of  metlirt*moglobiu.    The  main  feutui*eof  toluyleudiamiue-poisoniug  is  the 
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breaking  up  of  the  red  blood-corpuscles,  which  leads  to  the  deposition  of 
iron-containing  pigment  in  the  spleen,  liver,  and  bone-marrow.  Accord- 
ing to  Stadelmann,  htemoglobin  and  methcemoglobin  are  not  found  in 
the  urine,  or,  at  least,  only  in  small  amounts.  In  picrio-acid  poisoning 
there  is  marked  disturbance  of  the  central  nervous  system,  which  is 
characterixed  by  severe  cramps,  in  addition  to  the  changes  in  the  blood 
and  the  production  of  metheemoglobin.  In  a  similar  manner,  aniline  and 
carbon  disulphide  not  only  cause  changes  iu  the  blood,  but  also  act 
harmfully  by  paralyzing  the  nervous  system. 

In  the  last  group  of  hlood-poisonSy  as  the  chief  representatives,  are  to 
be  named  rtci'?«?,  derived  from  the  seed  of  the  castor-bean,  and  abrin, 
found  in  the  seed  of  the  Abrus  precatoriuSy  which  belongs  to  the  Papil- 
ionacese.  The  entrance  of  these  poisons  into  the  blood  produces  a  coagu- 
latiott  similar  to  that  produced  by  the  fibrin  ferment.  Ricine  is  very 
virulent,  and  may  be  absorbed  from  wounds  and  from  the  ahmentary 
tract,  producing  weakness,  vomiting,  colic,  bloody  dejecta,  icterus, 
cramps,  and  anuria.  In  the  intestine,  at  spots  where  the  ricine  has 
formed  thrombi  in  the  vessels,  ulcers  may  be  foimd. 

Abrin  is  also  very  poisonous,  and,  when  introduced  into  the  blood  in 
doses  of  a  few  hundredths  of  a  milligram  per  kilo  of  the  body-weight  of 
the  animal,  can  produce  death  (Kobert).  Upon  the  mucous  membrane 
it  produces,  even  when  very  dilute,  coagulation  in  tlie  blood-vessels,  and, 
later  on,  inflammation. 

§  11.  The  last  group  of  poisons,  which  are  generally  classed  together 
as  nerve-  and  heart-poisons,  are  principally  characterized  by  the  fact 
that  notwithstanding  the  severity  of  the  symptoms,  which  .show  them- 
selves in  the  form  of  irritations  and  palsies,  anatomical  changes  are 
either  not  susceptible  of  being  recognized,  or  at  least  they  are  not  so  in 
a  manner  that  can  be  looked  upon  as  characteristic  in  a  given  case  of 
poisoning.  This  is  especially  the  case  when  the  poison  produces  death 
very  quickly  ;  for  during  the  course  of  protracted  poisoning,  or  chronic 
poisoning  from  small  doses  extending  over  months  and  years,  anatom- 
ical changes  very  easily  recognized  are  often  found — a  fact  which  shows 
that  these  poisons  do  not  solely  produce  functional  changes  in  the  ner- 
vous system,  but  more  frequentiy  produce  a  damaging  effect  on  the  cell- 
protoplasm,  which  finds  expression  in  degenerations. 

Among  the  very  nximeroMs  poisons  which  act  especially  upon  the  nervous 
systetHj  and  thus  may  produce  death  through  its  paralysis,  belong,  as  the 
most  important  members :  chloroform,  ether,  hyponitrous  oxide,  alco- 
hol, chloral  hydrate,  opium  and  its  alkaloid  morphine,  cocaine,  atropin, 
hyoscyamine,  daturiue  {Strammiium  atropin),  nicotine,  coniine,  cicutoxin, 
santonin,  camphor,  quinine,  veratrine,  colchicine,  aconitin,  strychnine, 
cytisin,  and  curarine. 

As  heart-poisons  are  to  be  especially  noted :  digitaJiu,  helleborin,  and 
muscarine. 

Chloroform  (CHCD  acts  in  an  irritating  manner  when  applied 
directly  to  the  mucous  membranes,  and  may  produce  transitorj'  inflam- 
mations. When  it  is  inhaled,  or  when  it  is  conveyed  to  the  blood  by 
means  of  the  intestinal  tract,  there  ensues,  after  a  short  period  of  exci- 
tation, a  diminution  of  the  irritability  of  the  gray  and  the  white  matter 
of  the  brain.  According  to  Binz,  a  slight  coagulation  of  the  prot-oplasm 
of  the  ganglion-cells  is  produced.  Death  may  be  caused  by  paralysis  of 
the  central  nervous  system,  as  well  as  through  early  stoppage  of  the  heart 
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— the  latter,  however,  occurring  only  when  the  heart  is  abnormally  weak 
or  degenerated,  though  perhaps  also  when  the  irritation  produced  by  the 
chloroform  upon  the  mucous  membrane  of  the  nose  causes  an  unduly 
strong  excitement  of  the  inhibitory  nerves  of  the  heart.  Finally,  long- 
protracted  exhibition  of  chloroform  may  produce  degenerative  changes  in 
various  organs,  as  the  heart,  kidneys,  liver,  the  muscles,  and  the  blood. 

£iher  (diethjl  ether,  C^'H^.O.C'-H^)  acts  similarly  to  chloroform,  yet  it 
is  less  poisonous  and  acts  less  detrimentally  upon  the  functional  activity 
of  the  heart. 

Uyponitrous  oxide  (NH))  acts  especially  upon  the  cerebrum,  destroys 
sensation  of  pain,  and  paralyzes  consciousness;  later  on,  the  action 
extends  to  the  spinal  cord,  the  medulla  oblongata,  and  the  heart. 

Alcohol  (C^H)H),  after  temporarily  producing  excitement,  acts  as  a 
depressant  and  paralyzant  of  the  brain,  and  produces  at  the  same  time 
a  dilatation  of  the  arteries  of  the  skin,  so  dbat  in  a  drunken  person  a* 
severe  chilling  through  the  skin  can  easily  take  place.  Death  can  follow 
suddenly,  in  a  manner  similar  to  what  is  observed  in  apoplexy ;  more 
frequently  it  produces  a  gradually  deepening  loss  of  consciousness  and 
sensorial  perception,  the  breathing  becomes  slower,  the  pulse  small,  the 
countenance  cyanotic ;  complete  coma  and  general  pandysis  close  the 
picture.  The  immoderate  use  of  alcohol  extending  over  months  or  years 
may  produce,  on  the  one  hand,  pathological  accumulations  of  fat  in  the 
regions  where  fat  is  normally  to  be  found,  and,  on  the  other  hand,  it 
may  cause  degeneration  of  the  glandular  organs,  especially  the  kidneys 
and  liver,  followed  by  overgrowQi  of  the  connective  tissue,  with  atrophy 
of  the  liver  and  kidneys,  and,  in  addition,  sclerosis  and  atheroma  of  the 
arteries,  degenerations  in  the  brain,  etc.  It  is,  however,  impossible  to 
say  at  the  present  time  in  what  manner,  how  frequently,  and  to  what 
extent  these  symptoms  belong  to  the  use  of  alcohol.  It  is  certain  that 
the  drunkard  frequently  suffers  from  indigestion,  diseases  of  the  circula- 
tion, laryngitis,  phar^'ngitis,  bronchitis,  aud  disturbances  of  the  cerebral 
functions,  and  that  tiie  disease  of  the  brain  which  is  produced  by  alco- 
holism and  is  called  delirium  tremens  is  marked  by  twitchings  of  the 
muscles,  obstinate  sleeplessness,  anxiety,  and  hallucinations. 

Chloral  hydrate  (CCP.CHO.H*0)  has  a  local  irritating  action  on  the 
mucous  membranes,  and  a  paralyzant  action  through  the  blood  upon  the 
bi-ain,  spinal  cord,  and  heart,  and  thus  produces  sleep.  When  death 
occurs  from  an  overdose,  deep  coma  and  relaxation  of  all  tissues  are 
observed,  with  Gedema  of  the  lungs. 

Opium  and  morphine  (C'^H'^NO^)  prf)duce  depression  of  the  functions 
of  the  brain,  leading  to  sleep,  though  in  some  persons  this  is  preceded 
by  a  condition  of  excitation.  Large  doses  produce  unconsciousness, 
muscular  paralysis,  slowing  and  weakening  of  the  action  of  the  heart, 
contraction  of  tlie  pupils,  lowing  of  intestinal  peristalsis,  diminution  in 
the  exchange  of  gases  in  the  blood,  and  an  inhibition  of  the  normal  irri- 
tability of  the  respiratory  centres.  There  are  no  characteristic  post> 
mortem  lesions;  the  blood  is  dark  and  liquid.  Chronic  opium-ingestiou 
may  produeo  disturbances  in  digestion,  dizziness,  sleeplessness,  neural- 
gias, imbecility,  impotence,  anseTuia,  hnUucinations,  tremors  in  the  hands, 
fever,  etc.,  which  may  vary  much  in  different  individuals.  Tlie  system 
in  chronic  morphinism  becomes  accustomed  to  increasingly  larger  doses ; 
withdrawal  of  the  drug  produces  severe  nervous  symptoms,  and,  under 
certain  conditions,  dangerous  collapse. 
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Cocaine  (C'H^^NO*)  produces  peripheral  dulling  of  the  sensibility  of 
the  terminal  sensory  nerve-filaments ;  centrally,  first  irritation,  then  par- 
alysis. The  chronic  cocaine  habit  may  produce  symptoms  similar  to  those 
seen  in  chronic  morphinism. 

Atropin  and  hyoscyamine  (C^H^NO^),  alkaloids  which  are  found  in 
the  members  of  the  order  Solanace«  (deadly  nightshade,  thorn-apple, 
and  hyoscyamus),  have  a  paralytic  action  on  the  peripheral  nerve-fila- 
ments, and  finally  irritate  and  then  paralyze  the  centres.  A  solution  of 
atropin  introduced  into  the  eye  produces  dilatation  of  the  pupil  and 
paralysis  of  accommodation  for  near  vision,  through  its  action  on  the 
terminal  fibres  of  the  oculo-motor  nerve  in  the  iris.  Atropin  may 
further  inhibit  the  secretion  of  glands  (as  the  submaxillary) ;  under  its 
action,  also,  intestinal  peristalsis  ceases  through  deprivation  of  the  neces- 
sary nerve-stimulus.  Through  the  action  of  this  poison  on  the  brain  we 
may  have  excitation,  gaiety,  laughter,  leading  even  to  insanity  and  mad- 
ness, followed  by  paralysis.    Post-mortem  examination  is  negative. 

Nicotine  (C**'H'*N^),  a  volatile  alkaloid  found  in  the  tobacco-plant,  acts 
upon  both  the  peripheral  and  the  central  nervous  system,  producing 
nausea,  salivation,  vomiting,  diarrhoea,  dizziness,  muscular  weakness, 
headache,  convidsions,  delirium,  and  paralysis.  Chronic  nicotine-poison- 
ing may  be  followed  by  nervous  diseases  and  disturbances  of  the  heart's 
action.  According  to  Vas,  there  is  both  in  chronic-alcohol  and  nicotine 
poisoning  a  characteristic  degeneration  of  the  ganglion-cells,  the  chro- 
matin .structure  becoming  homogeneous. 

Coniine  (G*H"N),  an  alkaloid  of  hemlock,  acts  as  a  paralyzant  of  the 
periphei-al  motor  terminal  nerve-fibres,  irritating  and  then  paialyzing  the 
central  nervous  system.  CicuUtxin,  a  poisonous  resin  extracted  from  the 
water-hemlock  [Cicitta  virosa),  causes  nausea,  vomiting,  attacks  of  colic, 
palpitation  of  the  heart,  cramps,  and  unconsciousness. 

Santonin  (C'^H^^O^)  produces  cramps  originating  in  the  brain  and 
spinal  cord,  with  benumbing  of  the  sensorium,  vertigo,  vomiting,  saliva- 
tion, and  yellow  vision,  or  xanthopsia,  in  which  white  is  seen  as  yellow 
and  blue  as  green. 

Quinine  (0-'"H'''*N^2),  the  most  important  of  the  numerous  vegetable 
alkaloids,  found  in  the  bark  of  cinchona  and  other  plants  of  the  same 
order,  acts  in  a  paralyzmg  manner  upon  the  living  protoplasm,  and  in 
relatively  small  doses  inhibits  the  functional  capacity  for  work  of  the 
cerebrum.  Large  doses  produce  death  by  paralysis  of  the  centres  of 
respiration  and  of  the  heart. 

Aconitinj  colchicine,  and  veratrine  produce  local  irritations  and,  later, 
benumbing  of  the  peripheral  endings  of  the  sensory  nerves.  On  the 
central  nervous  system  they  act  as  irritants  and  finally  as  paralyzants. 

Strychnine  (C'-*H^N'W),  derived  especially  from  the  plant  nux  vomica, 
causes  increased  reflex  irritabihty  of  the  nerve-centres,  so  that  the  slight- 
est external  irritation  produces  tetanic  convtilsions.  Death  may  occur 
in  from  ten  to  thirty  minutes  after  the  first  attack  of  convulsions,  and 
results  through  central  paralysis — namely,  of  the  vaso-motor  centre. 

Cnrarine  (C'*H''^N),  the  most  active  princii)le  of  the  arrow-poison 
curari,  which  is  probably  derived  from  the  cortical  portion  of  the  roots 
of  many  plants  of  the  Strychnia  family,  paralyzes  in  small  doses  the 
terminal  fibres  of  the  musculo-motor  nerves.  Larger  doses  paralyze  the 
central  nen'ous  system  and  the  vaso-motor  nerves,  after  a  temporary 
excitation. 
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Digitalin  and  digitalein,  two  glucosides  obtained  from  the  foxglove, 
act  locally  as  irritants,  and  also  exercise,  after  absorption,  an  irritating 
action  on  the  heart,  vagus-centre,  and  muscular  fibres  of  the  blood- 
vessels, so  that  there  is  produced,  by  the  slowing  of  the  heart,  an  increase 
in  blood-pressure.  Larger  doses  produce  headache,  delirium,  ringing  in 
the  ears,  irregularity  in  the  frequency  of  the  hearths  action,  convulsions, 
and  coma. 

Helleborin,  a  glucoside  from  hellebore,  acts  similarly  to  the  prepara- 
tions of  digitalis. 

Muscarine  (C^H'^NO^),  the  poison  of  the  fly-mushroom,  acts  as  an 
irritant  upon  those  peripheral  nerve-filaments  which  atropin  paralyzes. 
In  poisoning  by  muscariue,  death  takes  place  not  from  paralysis  of  the 
heart,  but  from  the  intense  excitation  of  the  inhibitor^'  centres  producing 
stoppage  of  its  action.  In  general,  after  the  ingestion  of  this  poison,  we 
have  salivation,  vertigo,  anxiety,  nausea,  vomiting,  diarrhoea,  convulsions, 
and  finally  unconsciousness.  Small  doses  produce  a  condition  similar 
to  that  seen  in  inebriation,  with  a  state  of  excitation. 

In  the  foreg^iu^  summary  of  poisons,  which  necessarily  comprises  but  a 
superficial  examination  of  a  few  out  of  the  entire  number  of  such  agents,  I  have 
in  general  followed  the  arrangement  in  groups  used  bv  Kobert  in  his  *^  Text- 
book on  Intoxications.^  A  deeper  knowlti<^  than  that  wnich  we  have  at  present 
concerning  the  physiological  action  of  these  poisons  will  probably  lead  in  the 
future  to  another  mode  of  classification.  Loew  *  has  lately  attempted  to  make 
a  clarification  of  poisons  according  to  their  action  on  the  manifestations  of  life — 
i.e.,  upon  the  hving  protoplasm.  He  divides  them  into  two  laive  groups — 
namely,  general  poUonSy  those  which,  in  moderate  concentration,  act  fatally  upon 
the  entire  organism ;  and  special  poisons t  those  which  do  not  injure  certain  classes 
of  organisms.  The  general  poisons  are  characterized  chiefly  by  their  power  to 
change  the  chemical  character  of  the  proteida  out  of  which  the  Uving  protoplasm 
b  formed.  Among  these  can  be  differentiated:  1,  oxidinng  poisons  (ozone, 
chromic  acid,  manganic  acid,  hypermanganic  acid,  hypochlorites,  hydrogen 
peroxide,  chlorine,  bromine,  iodine,  phosphorus,  and  arsenious  acid) ;  2,  poisons 
Juirmg  a  eatalyUe  action  (ethyl  ether,  chloroform,  chloral,  many  carbohydrates, 
etc.),  which  transfer  to  the  protoplasm  the  tmstable  condition  of  their  mole- 
cules, and  thus  tend  to  pnMuce  chemical  changes  in  the  unstable  {lahilen) 
albumin ;  3,  poisons  acting  &y  the  production  of  salts  (acids,  soluble  mineral  bases 
and  caustic  alkalis^  alkahne  earths^  and  salts  of  the  heavy  metals),  which  form 
chemical  combinations  in  the  protoid  materials;  4,  substitution-poisons  (hydrozyl- 
amiue,  diamide,  phenyl  hydrazine,  ammonia,  carbolic  acid,  hydrocyanic  acid,  etc.), 
which  even  when  greatly  diluted  interfere  with  the  aldenyde-  or  amido-groups. 
Special  poisons  are  clasufied  as:  1,  toxic  proteids — i.e.,  (a)  toxaJhumins  (produced 
by  bacteria  and  poisonous  to  animals),  (6)  alexins  and  immunitoxins  (produced 
in  animals  physiologically  or  pathologically,  and  poisonous  for  bacteria), 
(c)  vegetable  emyms  (abrin  and  ricine,  produced  from  phanerogams  and  tiie 
higher  fungi,  and  poisonous  to  animals),  {d)  animal  enzyms  (produced  by^cer- 
tam  animals,  snakes,  fishes,  and  spiders,  and  poisonous  to  otiier  animals); 

2,  organic  hoses  (strychnine,  atropin,  curari,  ete.)  having  an  unknown  action ; 

3,  poisons  loorling  indirectly^  whicli  interfere  with  the  processes  of  respiration 
(carbon  monoxide,  sulphites),  or  act  as  poisons  through  decomposition  (nitrites, 
iodine  combinations),  or  act  destructively  through  changes  in  the  formative 
conditions  of  organized  tissues  (neutral  salts  of  the  alkalis,  the  alkaline  earths, 
oxalates). 

•  "  Natiirliches  System  der  Gif  te,"  Mfinchen,  1893. 
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3.   Oriffin  of  Viseanes  throiujfi  Infedwn  or  PitrnsitUm. — Mioxnuf  and  Con- 
tttffi&HH, —  VetjeUtble  titul  Animal  Vaniaiks. 

§  12.  As  we  have  seen  in  §§  8-11,  there  occur,  in  the  iutoxicatious, 
morbid  vitiil  plienornHiui  which  aiv  produced  by  delijiit*^  chcmica!  sub- 
stances, the  mo<le  and  severity-  of  thcii'  actiiJi)  being  d('|>t'n4lcii1  iijion  the 
chniwUT  of  tlit^  iM>ison  and  tlic  di»»e  eiiipkiyed — that  is,  if  tlic  idinsyn- 
cra^ies  of  the  su^  jeet**  of  the  (H>iK()mug'  and  tlie  special  nio*lc  ut  applica- 
tion of  the  poisi:tn  are  not  taken  into  con.sidemtioii. 

In  tho.se  diseases  which  arise  from  infection,  nnd  tii(*refiire  are 
called  infectious  diseases,  we  have,  on  the  cttntruiy.  to  deul  with  rfw- 
e.ttHi>d  Hiiii  phpuointua  wliieh,  if  we  disiv^anl  the  indiviiltial  susceptibUity 
of  the  infe<'te<l  person  and  the  ]>eculiar  mode  of  entrance,  into  the  IwMly, 
of  the  infectinp  material,  are  dep4'jnlent  solely  upon  the  eharaeter  of  the 
infecting  agent ;  while  the  amount  of  the  dose,  if  it  pos.sesses  any  si^uiil- 
cAnot%  lias  at  lea^t  only  a  subordinate  one. 

Tlie  explauation  of  this  diflferenee  between  intoxication  and  infetftion 
consists  in  the  faet  tlmt,  in  the  first  case,  intoxication,  the  jM>is4>n  docs 
not  increase  witliin  the  body,  while  in  lufirtion  ihf  htrinfiil  snhs/(tnrf  iti- 
crfusi'it  ttftcr  its  etifntiirt'  into  (he  orfiouism,  .so  that  amounts  of  infective 
material  ho  small  as  to  be  ntterly  inappi-eeiable  by  ns  suffice  to  produce 
the  severest  fatal  diseases.  The  dose,  <^r  ipmntity,  of  infectinfr  material 
has  this  influence,  therefore,  upon  the  sm-ecediup  iUnes.s — nnmely,  that  a 
Ifirp'r  iinmntit  makes  the  infeetion  more  pnjbable;  that  is,  the  i*epnxUus 
tiou  of  the  injuri<.iU8  matciial  within  the  body  takes  jtlace  more  rapidly, 
and  the  eonstautlv  iuereaanj:  material  of  infeetion  will  theivfore  in  a 
short^^r  time  attain  sueli  jiroportions  that  patholopieal  jtmcesxes  niust 
develop  in  the  tissues,  and  must  at  the  same  time  l>e  accompanied  by 
recognizable  symptoms. 

The  injnriiius  elements  whieb  are  produecil  bv  infp<'tions  diseases 
alwHVs  liiid  their  way  from  the  outer  world  into  tlie  human  or^:aiLisn], 
and  eause  ttn  iU»*'ss  irhirh  imttj  foUotr  n  pathoyuomonic  rottrst- ;  and  from 
the  peeubiirities  of  this  course  it  is  possible  to  conclude  that  wc  are 
dealing  with  a  specific  variety  of  injurious  influence — one  that  behaves 
in  an  entirely  characteristic  manner.  In  pregnant  women  the  infectioua 
matter  may  be  trnnsuiitt*-d  from  tbfi  organism  of  the  nutthci;  to  lier  child 
in  utfto. 

If  an  infectious  disease  attacks  a  number  of  individuals  in  a  given 
locality,  it  is  tcrme<l  eitlier  a  pestilence  or  an  epidemic. 

A  study  of  professional  oltservatious  shows  that,  in  it  eertain  number 
of  ea.set«,  the  noxious  influence  producing  a  eertain  infe^'tious  diseaee 
manifests  its  activity  in  certain  loealitics,  causing  sickness  Hnu)ng  the 
peo|de  of  a  given  district.  In  other  cases  ('outact  with  the  di.seased  |»er- 
snn,  or  proximity  only,  or  using  something  which  that  jK'rson  bus  used, 
or  still  otlicr  ways — lis,  for  instance,  through  dejtM'ta  or  sputum  upon  un- 
eleftucd  (►bjects — may  produce  the  disease.  Finally,  it  may  occur  that 
infecting  material  isproduced  only  occn.sionally  in  a  given  IcM-idity.  and 
only  when  a  patient  visits  1bnt  partieular  region  and  by  his  pn*sence 
lea<*ls  U>  the  pnnluetion  there  of  the  iufe<'tious  material.  Out  of  the 
various  conditions  enumerated,  nccjision  has  been  taken  to  divide  the 
mattei-s  which  nre  eajiable  of  producing  iufc^-tious  diwases  into  vari<»us 
gntups  and  to  designate  these  under  particular  nnmeg.     If  infectious 
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material  is  c'oiiiiet'lt'tl  with  a  ei-rtaiii  locality  it  is  calleil  a  miasm,  and 
n^ceivi's  this  name  ou  tlie  gi*ouud  that  tlie  particular  rej^on  produces 
tlic  infectious  material.  If  oir*  particular  region  uloiie  produces  the 
iliseasr  it  is  termed  a  Iftntl  miasm,  and  if  present  everywhere  it  is  termed 
u  itbiffuitous  on'ftsm.  To  these  niirtsniic  disoasrs  Ijclong  especially  malaria, 
and  altMj  entupous  jnieiun4iiiia,urtieiiJar  rlieiuiialism,  many  wouml-intlam- 
inations,  septic  osteomyelitis,  and  idcenitive  endocarditis. 

Wiien  the  iufectioii  is  carried  directly  fr4»m  man  Ut  nmn,  and  spreads 
through  hoasc8,  villages,  cities,  mid  ctmutries.  it  is  termed  a  contagium» 
and  it  is  consecpu'utly  understood  that  the  pla<^e  in  which  the  organism 
jji*0W8  is  within  the  ininnni  ImmIv,  or  it  may  l>e  also  in  some  inferior  ani- 
mal, whih'  »Mit*iiile  t»f  the  Immau  or  auiinid  body  neither  production  nor 
multiplication  of  the  infecting  matenal  takes  place.  To  sneh  contagious 
diseases  iM'long  snmlljiox,  niejusles,  searJot  fever,  ilijvhthrria,  erysipelas, 
pyanuiH.  phlegmon,  ty]>lius  fever,  ivl.-ipsing  fever,  anlhnix,  hydrophobia, 
gonorHueu,  whoopingenngh,  inlhicnza,  many  catarrhs  <if  the  mucous 
nicndiranes,  rnhcrcnlosis,  s\*](hilis.  glanders,  and  leprosy. 

When  an  int'eetions  nmU'rial  is  ehanu'tertzed  hy  tlir  fiict  Unit  it 
de\'elops  in  a  certain  district  only  ■when  a  patient  suffcnng  fritrn  the 
dist^ase  chances  to  visit  tliis  partienlar  h>eality  and  thei*e  gives  rise  to  lyi 
outbreak  of  an  epidemic,  we  have  what  is  railed  a  miasmatic-contagious 
disease;  the  assuinptioii  being  warranted,  under  these  circumstances, 
that  the  infecting  matter  liiid  spread  fnmi  the  organism  of  the  fti*st 
patient,  had  then  multiplied  at  sctme  given  s]H»t,  and  finally  Uml  of  itself. 
or  with  tlie  help  of  certain  loeal  infiuences.  attacked  the  resident  [H»pnla- 
tion  of  the  locality  in  an  ejndemic  fashion.  Sneh  miasmatic-contagions 
diseases  are  eholera,  typhoid  fever,  dysenteries,  yellow  fever,  and  the 
plag:ue. 

The  nature  of  the  causes  of  these  miasms  and  contagions  diseases 
remained  concealed  fnan  the  older  priMrtitioner-s.  If  sncli  an  infectious 
disease  imide  its  ap])eHrance  in  the  form  of  a  plague  or  epiilernic  its 
caust;  was  sought  in  cosmie  and  teUuric  conditiomii,  ami  it  was  spoken  of 
IBS  a  rQtisfitiitio  cftUhmini  i»r  a  ttnistitutio  pfsfilpns.  Only  within  the  last 
few  decades  has  our  kn<)wledge  *»f  the  ('tiology  and  nature  of  infectious 
di.seases  made  true  progress,  and  it  has  bcfii  shown  that  infeetit>us  dis- 
reases  are  parasitic  diseases  irfwsr  arii/in  is  utfrihittthh  tu  au  iurrfunf  of 
sm<tU  livii^/  organisms  icifhiti  the  hmnuu  hfufff.  While  it  is  true  that  only 
some  of  the  infe<'tious  <liseases  are  known  jxisitivelv  to  l.)e  produced  Tiy 
parasites,  it  is  most  highly  probable  that  all  arc  due  t4)  sneh  agency. 
The  proofs  that  tlie  eansatioii  of  infectious  diseases  is  thus  related  to 
living  snbstani'cs  i-apahle  of  reprtKbietioii — to  a  ronttujium  aninnitum — 
ar*'  dedneed  priticiiially  fiitm  :  first,  the  far-t  that  the  delrtei-ions  intluenee 
prfKlnced  by  a  certain  infectitnis  <lisease,  where  it  is  <»nee  present,  con- 
tinues  to  renew  itself  endlessly,  so  that  from  ji  single  case  innumerable 
othci's  may  be  infected;  secondly,  tin'  fa^'t  that  a  minute  and  imponder- 
able aniimnl  of  infectious  matter  is  suffieieut  to  convey  disease  to  an  iu- 
divi<Jnal,  and  afterward  tfj  proilnce  effects  of  the  most  striking  charact4*r 
upon  tlie  organism  of  this  indi\idual — i-ii-cunistances  whicli  coidd  scarcely 
be  explaiut-d  in  any  other  way  than  by  assuming  that  the  detrimental 
substance  actually  mnltij>lies  itself  within  the  human  body. 

The  att^Miipt  lia.s  been  frequently  made  to  ex|ilain  the  nmnifestations 
of  infection  through  the  lu-Hoii  of  iioxituis  gashes  or  siiluble  ferments. 
Tliose  hyj>otheses,  however,  are  wlmiiy  iiisnttieient ;  for  they  either  leave 
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tln'  iilieijoiueua  whifili  are  obsen'ed  iu  the  coiUTie  autl  spread  of  these 
t?pi(h*iiii(!s  uiifX])l«iiu*d,  or  elae  the  exj^auatious  adtluofd  are  open  to 
well-founded  objections. 

The  parasitfH  whifli  are  capable  of  fausiiij^  infectioiis  diseases  belong 
to  the  l<tw»*st  (trdfrs  of  the  vegetable  and  animal  kinjr<louis.  Anionic  the 
phniU  the  Schizomycetes  or  bacteria  are  the  most  important;  aniouff 
tin*  Hiiiimil  parasites  the  sniullfst  of  living  protoplasniii^  bodies,  called 
Protozoa,  play  a  prominent  purt.  Anionff  the  nM»re  hif,'hly  or^^nized 
plants  are  the  Saccharomycetes  mid  Hyphomycetes,  whose  pntho^'eiiie 
iinpoi-tanee  is  ntueh  less  than  tlmt  of  the  baeteriu.  Among  tlie  Huimal 
parasites  ocenri'in^  in  man  are  u  nmnlx-r  of  worms  [Nemntoda,  Trenm- 
toda,  and  Cestoda)  and  Arthropoda  (Aruelinida  ami  inse<'ts).  Their 
fk^tion  is,  however,  markedly  liTriiteiJ.  antl  the  patholofricaJ  eonditions 
pffMltieed  by  them  are  not  ^enei*ally  classified  as  inl'eetions  diseases  in 
the  true  sense  of  that  tenii. 

For  tlie  ]iro(hietion  of  a  true  infeetieju  a  ^veu  j>anisile  must  inereiise 
and  reproduce  itself  thittuph  a  number  of  ^neratious  within  the  human 
body,  and  must  spr<'ftd  more  or  less  wid^-ly  throughout  the  tissues.  This 
definition  beiuy;  aeceptetl,  and  at  the  same  time  the  iteh-inseet  being 
exelutU'd  (for  it  reproduces  mauy  generations  in  the  skin),  we  must 
place  in  this  class  only  the  ])anisiti<r  Sehizomycetes,  Saeehanimycctes,  and 
Prot^tzoa.  The  luajorily  of  the  nn>re  higiily  orgaui2e<l  animal  parasites 
live  only  a  portion  of  their  lives  within  an  individual  oi-panisni — i.e., 
within  the  .sanu^  host.  Sueh  ]>arasites  ns  nujlHply  within  the  invaded 
c«-gai]s  by  means  of  the  production  of  eggs  or  of  formed  offspring  are 
devoid  of'  the  power  to  l»ec(mie  again  reprtKlnetive  in  the  saiiu-  liost. 

Parasitic  infection — i.e..  the  cnfmnee  into  (he  human  body,  and  the 
increase,  of  a  parasite — can  occur  iu  almost  every  portiun  ol'  the  body. 
The  most  nsnal  seats  of  infecti4»n  are  the  mucous  membnines  that  are 
most  easily  accossiV»le  from  T^ithout,  particularly  tin'  intestinal  and 
respiratory  tracts.  In  nuiny  cases  the  parasites  are  introduced  in  the 
f<M>d  and  the  drink,  psi>eeially  iu  water.  The  jiathogeriie  organisms 
being  for  the  givater  part  very  small  and  easily  snsjirndcd  in  the 
atniosphen\  they  are  by  this  means  erirried  iibout  everywhere.  They  are 
often  ohtaineil  from  respired  air,  and  are  f<iund  distributed  partly  ni  the 
respiratory  tract,  partly  in  the  nlvi-oli  of  the  liuigs,  where  they  remain 
cJiuging  to  the  walls,  and  freipiently  ure  taken  up  iut<»  the  tissues. 

Womuls  form  a  broad  tiehl  for  the  entrance  of  small  jiarasites.  Be- 
coming infected  by  means  of  the  iiir,  or  from  i-ontat^t  with  unclean  fluids 
or  with  solid  objects,  they  thus  furnish  the  .*itarting.point  of  an  infection. 
Finally,  nutuy  parasites  can  iittaek  an  injured  cutaneous  surface,  and 
there  increase,  giving  ri.se  iu  this  nuunier  to  iufectious  diseases. 


The  belief  that  eerttiin  diseases,  as  the  plague,  were  of  pwrasitio  origin,  its 
very  old,  and  found  expres.»dnn  in  the  worKs  of  Kircher  (1602-1680^.  Lancisi 
(16^1?20),  liUine  {1707-177S),  and  others.  Confirmation  of  the  imrasitie  origin 
of  infectious  (liyeasea,  however,  has  been  obtained  oidy  in  these  Inter  times.  A 
few  decad(?s  ajjo  Henle,  Liebermeister,  and  others  pnt  forward  the  lieltef  that 
only  uoou  the  aysumption  of  u  contarfiutn  atiimatHm  could  we  explain  the  pecidinr- 
itie's  ot  infectious  dis4'nses;  hut  it  is  only  within  the  last  twenty  years  that  the 
doctrine  of  their  parasitic  origin  has  ohiaiued  a  really  firm  foimdation. 

The  influence  which  climate  exerts  upon  man— the  effects  of  temperature 
being  left  out  of  the  account — is  eKsentially  ilependeiit  upoc  llie  considemtiim 
whether  or  not  the  specuil  micro-organisiD*  which  have  the  power  of  producing 
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disease  develop  in  the  soil  of  that  particular  locality.  A  harsh,  rough,  windy 
climate  may  thus  be  healthy,  while  one  that  is  mild  and  subject  to  but  slight 
variations  of  temperature  may  be  an  unhealthy  one.  In  well-populated  regions 
the  question  naturally  arises  whether  infectious  diseases  are  to  he  found  among 
the  inhabitants.  Periodic  fluctuation  in  the  virulence  of  the  noxious  influence 
in  a  certain  climate  is  partly  dependent  upon  the  fact  that  micro-oi^aniams  do 
not  mnltiply  in  the  same  ratio  at  all  seasons,  and  partly  upon  the  fact  that 
pathogemo  micro-organisms  present  in  the  soil  do  not  always  ^t  into  the  driuk- 
m^- water  and  into  the  atmosphere,  or  at  least  are  only  occasionally  brought  in 
this  manner  into  the  human  organism. 

According  to  Pettenkofer,  the  spread  of  miasmatic-contagious  diseases — 
as,  for  instance,  cholera — is  not  to  be  explained  by  the  £Eiot  that  the  l»cteria 
from  the  dejecta  of  a  patient  are  able  to  survive  outside  the  body  for  a  given 
length  of  time,  and  under  favorable  circumstanoes  to  develop,  and  then  through 
drinking-water,  food,  or  unclean  hands  to  find  their  way  into  the  mouth  and 
the  intestinal  tract,  cbnd  again  cause  cholera  in  the  human  subject.  He  believes, 
rather,  that  the  infecting  germ,  having  reached  the  soil,  is  capable  of  producing 
its  characteristic  poison  only  when  certain  temporary  local  conditions  are  pres- 
ent— that  the  poison  there  increases  its  virulence  by  reason  of  its  combining 
with  an  unknown  something  due  to  certain  conditions  of  the  soil,  in  order  to  be 
capable  of  rei)roducing  the  poison  of  the  disease.  The  latest  researches  con- 
cerning the  etiology  and  spread  of  typhoid  fever  and  cholera  have  not  confirmed 
this  supposition ;  mey  point,  instead,  to  the  fact  that  the  bacteria  of  cholera 
and  typhoid  fever  are  sufficient  in  and  of  themselves,  in  certain  cases,  to  pro- 
duce infection.  It  follows  from  what  has  already  been  said  that  cholera-bac- 
tena,  when  introduced  into  the  ahmentary  tract  of  man,  or  into  that  of  certain 
animals,  may  produce  the  disease  known  as  cholera. 

§  13.  The  disease-producing  bacteria  ai-e  very  small,  unicellular 
masses  of  protoplasm,  which  appear  in  the  form  of  little  spheres  (cocci) 
and  fine,  straight,  or  curved  rods  (bacilli  and  spirilla),  frequently  uniting 
among  themselves  to  form  peculiar  combinatious.  Some  of  them  multi- 
ply in  the  outer  world,  and  thence  occasionally  enter  the  human  body. 
Others,  on  the  contrary,  are  so  constituted  that  they  cannot  multiply  in 
the  outer  world,  and  only  reproduce  themselves  when  within  the  human 
or  animal  body.  Bacteria  have  therefore  been  classified  as  ectogenic  and 
endogenic  ;  the  first  are  identified  with  the  miasmatic  diseases,  the  second 
with  the  contagious.  This  division  cannot,  however,  be  strictly  adhered 
to,  since  some  bacteria  that  generally  multiply  only  within  the  animal 
organism  may,  under  certain  conditions,  develop  outside  these  organisms  j 
so  that,  in  a  certain  sense,  a  contagium  may  become  a  miasm. 

On  the  other  hand,  it  is  not  neeessar\'  for  the  spreading  of  a  disease 
caused  by  ectogenic  bacteria  that  the  S^'hizomycetes  shall  multiply  out- 
side the  human  body ;  there  occurs  more  frequently  an  infection  from 
individual  to  indi\*i(lual.  For  instance,  the  bacillus  of  anthrax  can  mul- 
tiply in  the  outer  world  as  well  as  in  animal  tissues,  and  the  spread  of 
the  disease  may  occur  through  direct  infection  of  one  j)er8(m  by  another, 
or  of  a  human  being  by  an  animal,  equally  as  well  as  by  the  man  or  ani- 
mal receiving  the  infection  from  <Milture-media  of  any  kind.  The  cfK'ci 
which  produce  suppuration,  or  th<ts4'  of  inflammation  of  the  lungs,  can 
infect  a  hitherto  healthy  indi\'idnal  directly  from  the  outer  world  where 
they  have  been  propagated,  quite  as  well  a.s  from  another  diseased  indi- 
vidual. 

Therefore  it  is  imi>ossible  to  draw  a  definite  Itonndan-line  Ix^tween 
miasms  and  contagions,  or  between  ectogenic  and  endo<renic  hact<*ria. 
This  distinction  has,  indeed,  as  yc-t  90  gi-eat  value,  ex<-ept  that  in  many 
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infections  diseases  one  of  tliese  two  forms  predominates,  and  there  are 
iufe<.'tii)us  coui.'eruiu^^  whinh  wv  know  of  but  one  mode  of  8j)readiDp. 
Thus,  for  iustiinee.  t-iuullitox  and  mea:*les,  whose  uifectinp  mutt  nalis 
have  not  yet  Ix'eu  di»i.^overe«i,  are  tUseawes  in  wliieh  spreadinp  is  only 
known  to  oecor  through  direct  and  iudireet  contagion ;  and  simihirly, 
we  are  warranted  in  assmning  tliat  tliu  jmmsiiu  nf  syphilis  cannot  multi- 
ply outside  the  liuinnu  iMxiy. 

Outride  tile  luiiuaii  IkhIv  i>atlK>genie  bacteria  are  found  both  in  S4.did8 
aud  in  liquids,  and  also  iu  the  air.  In  regani  to  those  forms  wliich  may 
iuereaiie  »intside  the  liuman  Iwxly  (the  bacteria  of  cholera,  of  t^-jihoid 
fever,  of  anthi*ax,  of  suppuration,  and  of  artinomycnsis),  they  are  found 
to  be  contained  in  th**  water  fouled  )>y  organic  substances,  in  moist  soils 
rich  in  orgauie  substances,  ami  in  dead  auimal  or  vegetable  tissues  con- 
taining moisture.  They  are,  liesides,  often  present  in  dry  earths  and 
dried  tissues,  and  from  these  can  pass  into  the  air,  as  well  as  from  fluids. 
Thus  severe  Hind-storms,  clouds  of  dust,  and  sprinkling  the  streets 
favor  their  distribution.  It  is  truf  tliat,  iu  the  drying  of  sulwtauees 
containing  bacteria,  some  die,  since  tJiey  cannot  .sur\'ive  complete  desicca- 
tion. Many  of  the  pathogenic  luictcria,  however,  produce  o  rfsistaut  fonn 
{ifpores),  and  are  thus  able  to  resist  Ihorougli  dniiug,  and  consequently 
to  maintain  their  vitality  in  the  air.  If  iu  this  condition  tliey  come  in 
contact  witJi  solids  or  fluids,  and  l^eeonje  attached  to  them,  they  may 
remain  alive  here  for  a  long  j»eri<Kl ;  and  if  the  circumstances  are  favor- 
able— i.e.,  if  they  find  a  proi>cr  nourishing  material  and  the  necessary 
water,  and  if  the  teni(H*niturt*  of  the  liwality  reaches  the  height  neeessar}' 
for  their  development — tbey  may  again  multiply. 

If  boctcrifl  which  cannot,  under  normal  conditions,  propagate  their 
kind  outside  the  li\'ing  animal  tissues,  exist  for  a  loug  time  outside  the 
body,  it  is  l)eeause  they  ]>roduce  forms  whioh  withstand  drying  {tubei-cu- 
lous  imcUli)  or  whit^h  an*  not  immediately  destroyed  by  chemical  jirodncts 
in  the  snrronnfUng  fluids,  moist  earth,  itr  the  tisKues  in  which  tiiey  lie. 
For  a  limited  time  these  organisms  can  cling  to  the  most  varied  objects 
and  yet  live,  producing  for  a  while  the  dangi^r  that  individuals  may  )*e- 
come  infeetetl  from  objects  m»t  properly  cleaned.  If  the  l^acteria  Uve  in 
spite  of  dning,  the  dust  of  the  streets,  of  the  flotirs  and  walls  of  houses,  as 
well  as  the  air  itS4-lf,may  contain  bacteria,  especially  when  they  art^  thmwn 
oflT  in  larg»'  uumlK'rs.  This  is  es])eeially  true  of  the  fiitrifius  hiitfrruhta'v, 
since  in  pidmouan-  tuWrculosis  the  sputum,  in  intestinal  tuWrcnIosis  the 
faeces,  and  in  urogenital  tubemdosis  the  urine,  contain  a  great  numlier 
of  these  organisms. 


According  to  Koch  and  others,  the  snperflcial  strata  nf  the  earth  contain 
many  cocci  and  bacilli.  Bonie  of  which  are  pathogenic.  If  the  soil  is  very  drj*  it 
contains  only  those  tmcilli  which  pro«Jnee  forms  that  withstand  dr>'ing  (!)pore<ii). 
With  iucreai^in^  depth  tliere  !*•  a  propi>rtii.iiiate  decndue  in  the  number  of  Iwe- 
teria,  until  at  one  metre  bflow  the  surface  there  are  practically  none.  Water 
coming  from  verj'  deep  springs  or  wells  contains  very  few  bacteria,  or  is  sterile. 
Baeteria  which  may  be  f>resent  in  still  water  increase  in  numbers  rery  rapidly, 
and  if  the  water  contains  sufficient  nutrient  material  pathogeiue  baetena 
(t>-)thoid*feTer  and  clioleru  bftcilli)  may  be  found.  Other  forms  of  pathogenic 
bacteria  may  remain  virulent  and  capable  of  propagation  in  water  only  for  a 
Khort  time. 

3tM  air  at  some  distance  from  the  eoast  contains  wry  fetr  micro-orKanioDS. 
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§  14.  Bacteria  iisnally  enter  the  system  thrtf>ngh  the  mucons  mem- 
brauLMtf  tbeiiiU'stiiial  orth*'rfK|»iraIorvlniot,f»rthrim^h  i.'Xteninl  wounds. 
Not  iufre<iueutly  they  euter  thi*  si>mui  skiu,  by  menus  of  the  opeuiugrs  of 
Uh'  hair-follirles  or  of  tlie  ^elmci'oiih  glaiuls.  Uiuler  sjieeial  (Miiiititioiis 
(coitus,  *>i)*.'rative  iu*^asm*es,  ilriiihllu^  of  urine)  the  infeetiou  may  tuke 
itii  start  from  the  uni(^«iUK  uifuihraiu*  of  llit?  (/euito-nrinary  tnict.  (*ei'- 
tjiin  eases  of  iutwtinn  niay  W  flue  t4i  iuneets  whieh  have  taki'U  tip  l>ac- 
tt'Ha  witlt  the  <lbteHise*l  MtxHi  m  stn-ix'tiuus  <if  hik'H  or  auiiutUM^.  Tliese 
iuseets  may  huv**  bfi'onu*  outwardly  infiMttetJ  hy  tlie  mi<M*<)-orpaiiisms, 
aud  then  may  haw  driHtsili-d  thi*  laltii'  on  stJiue  (U^nu(le<l  nr  uh-enU^'d 
area  of  rhr  huniuii  ."*kin  or  initrous  iiu'iahniiu',  hy  mtaiiR  tif  tiifir  oral 
appanttiis  for  pirrciujf  the  skiu  ami  su<;kiiifi  the  Monti,  or  hy  scnipiup" 
them  off  tlieir  ie^  uihju  siu-li  expowd  spots.  If  the  flt'sh  of  an  animal 
eont4iiningl.wurteria  I>e  eaten,  nml  if  the  animal  wljile  aiive  were  suflfering 
from  an  infw^tious  lUsease  whieh  also  oeeui-s  in  man,  this  pwtietilar  (lis- 
f-jisM*  may  ht*  trauHuiittcd  to  mnn,  unless  tlie  Itaet+ria  have  Iweu  previously 
ilfstr<»yL'd. 

The  bjurteria  arrive  at  tlie  point  *)f  eutrant*e  sometimes  in  4*onipany 
with  ehemi^^ally  aetive  snbstauees.  as  in  the  iiite.stinii]  tnu'l.  iluiI  siime- 
times  without  these  Huhstnnees,  at;  in  Ihe  respirntoiy  passages  nud  lungs; 
and  yet  at  times  ehemieal  poisons  uuiy  also  tin<l  their  way  into  the  lungs 
aloug  with  haeteria,  and  so,  too,  may  hncteiia  find  aeeess  to  the  int-estinal 
eaual  with<»ut  thti  effective  aid  of  any  other  inaterial. 

Tlie  injurious  chemical  substances  which  accompany  the  bacteria 
may  o<*cur  a«  urritienftil  mimisiurcs  of  thf  fomi,  ni-  of  (In-  water  used  either 
for  drinking  jmrposes  or  for  the  cleansing  of  wounds;  or  they  may  be 
contained  in  the  respiiv*!  air;  but  tliey  are  more  fretpieutly  tlie  products 
of  the  bacteria  themselves.  All  bacteria,  iuebidingthe  non-jpathogenie, 
proihiee  (see  Section  IX.}.  within  tiie  tissues  from  which  tiny  derive  the 
nourishment  necessary  for  their  growth,  certain  changes  which  are  called 
fermentation  and  itutrefaetion  ]»r<H'esses,  and  which  are  very  closely 
rclateil  til  their  life-activity  and  their  powei-s  of  repi*odnctiou.  Anifmg 
these  produeta  of  eheiiui'ul  metamorphosis  ai-e  nmny  which  ai*e  injurious 
to  the  organisms  of  the  biuhev  animals  and  of  man.  nnee  they  ace  able 
to  produce,  in  a  manner  siniilai"  to  that  dcsi'ribeti  in  tlie  paragraphs 
devoted  to  prnsous  (§§  U),  II).  lociil  tiNSUc-degeueratiiuis  and  intlumnia- 
tions,  I'hanges  in  the  bhrnd,  or  symptoms  of  gcuiTal  poisoning,  wliicli 
may  result  in  fiUH'tioiuil  distnrbnnees  of  the  heart  and  nervous  and  re- 
spirat<»ry  systems.  The  most  irniK/rtaut  of  these  suListances  are  derived 
fiNun  albumimfid  bodies,  aud  belong  to  the  cadaveric  alkaloids  or  pto- 
maines. These  substances  are  basic  bodies,  nuiny  of  wliieh  are  poison- 
ous to  the  hunmn  body,  and  consequently  arc  called  toxins.  Tb<tn  we 
have  nt»xt  the  toxalbumins — that  is.  /trfir*-  uJhmuiuoitJ  suhsUtuc(»  whi<']i 
probably  ai-e  pnMhiced  and  cast  otTby  the  Imeferia  themselves  (Buebner). 
Xeuridiue.  cadaveriue.  pn1i*eseine,  netiriue.  and  methyl  giianidin  are 
hasie  piiiduets  derived  from  ]iutrefying  meat,  the  last  thret*  being  very 
poisonous  toxins.  The  bacillus  of  tvpboid  fever  produces  a  toxin 
(tvphotxixiu)  which  causes  ]»abiies  and  increases  the  activity  of  the 
intwrtinal  and  salivary  glands.  The  cbolcra-bm'teria  produce,  besides 
pputa-  and  tri-mctbyl  eudianiini*  and  methyl  guanidin,  still  other  specific 
t<ixins.  which  irritate  the  intestine,  render  the  blood  incapable  of  coagu- 
lating, aud  produce  muscular  craiu])s.  The  tetani;s-baeillus  yiroduces 
tetauotoxin,  a  toxjilbumiu  which  causes  muscular  spasms.     According 


34 


EXI'ERNAL  CAUSES  OF  DISEASE. 


to  Roux,  Yei-sin,  Brieger.  and  C.  JVaukel,  the  tUiibtheria-baoiUus,  the 
iinthrax-bacillus,  the  tA'jUioid-baciUus,  the  eholera-sijirilla,  and  the  piis- 
0(K;ci  jirodupe  toxalbuiiuns. 

If  these  toxic  tuicterial  products  are  iiitrtKhiwd  into  the  intestiues 
or  into  wounds  in  eon.sidt'ral)le  <iUHnrities  with  tlie  Ijaoteria,  they  may 
produoo  s^nnpt^nnfl  of  poisoninjf,  without  ii  .sinnUtaneous  infection — i.e., 
witliout  iiicreHse  <d'  bavteria  within  the  tisMies.  The  same  thinjr  may 
ali*o  happen  when  miisoa-jirodueing  baetoi'ia  ^'ow  in  the  eont<*nts  of  the 
ii»ti'stine,  in  wonnd-s*'eretions,  or  in  ncrmstrd  Iuii|?-tisi*ues,  ami  thus  nad- 
tiply  a«  stifinfphijtes.  In  tliese  eases  one  eann«jt  strictly  .speak  of  au 
infeetion,  Init  must  rather  consider  the  disease  whicli  is  niakinp:  its 
ftppeai-ance  as  an  intoxientiun ;  at  least  it  is  in  such  cases  impossible  to 
draw  a  sharp  line  Ix'tweeu  iiiire  iutoxieations  and  inl'e«'tions,  siiiee  these 
bacteria,  which  onginally  inci-eased  in  nundtere  as  saprophytes,  not  in- 
frwiuently  also  enter  the  tisKues  and  nuillijily  thi-rt*. 

Inti'sthutl  ititoxirofioHti  rttiinKl  bti  hftfftntil  toxins  ovtt  toxuUiumius  occur 
when  animal  tissues  (fr  Muids  (KM*oiriposed  hy  the  action  of  bacteria  ai'e 
taken  as  food;  and  to  these  intoxications  behnig  the  fjivatcr  part  of  the 
diseaw's  tcrnied  nnuf-.  suHsti/jr,  fish,  and  rhtist-jHtistfuiiit/s.  In  these  ca.ses 
the  particidar  poison  is  either  introfiiiced  us  such  into  the  intestinal  eanal 
with  the  foinl,  or  else  is  t'ornted  in  the  intestnial  tiwt.  Decomposition 
and  fernifutiition  of  the  veg-etuble  iu^etUents  of  diet — for  instance, 
fenneuted  fruit-juices,  eabhafje.  benns,  pease,  ett*. — exercise  an  iujiu'ious 
influence  npoTi  the  inti'stine.  or  even  upon  the  entire  organi-sm,  es|K^eialIy 
if  lar^e  (pmtil  itii's  air  eaten  or  if  the  offeudini;  article  is  used  as  f(.K>d  for 
a  considerable  ]ieri<xl  of  time.  In  this  class  belongs  the  chronic  disease 
knouTi  Hs  jnUmjyii,  Ih/litni  hproni/,  or  scunuf  nf  thr  Alps,  which  is  met 
with  in  Italy,  Spiiiu.  southwestern  France,  and  Kiimauia.  aud  is  due  to 
tlie  eatiujr  of  siM)iied  maize  or  Iiulian  com.  This  disease  is  characterized 
by  gastro-intcstinal  aflFci'tifins,  alterations  in  the  skin,  disturbances  in  the 
functions  of  the  HpiTuil  conJ  and  cerebrum,  and  general  marasmus  (Lom- 
broso,  Tuczek). 

If  tile  bacteria  whi4-h  have  reached  one  of  the  known  points  of  cn- 
tnince  are  in  the  strii'l  sense  pathi>(^nic,  so  that  they  ^ve  rise  t<*  au 
Infection,  (hi-y  may  multiply  first  in  the  tissues  where  they  enter,  niiniely, 
in  the  intestinal  mne^Mis  mendirane,  in  a  wound,  in  the  skin,  etc.  The 
heal  effect  ctf  lliis  niitltipliealiou  is  dci>eiident  pnnmrily  uihui  the  char- 
acter of  the  btu'teria  (see  tSet^tion  IX.).  and  also  in  a  measure  ujton  the 
peculiarities  of  the  tissue.  In  jfcueral.  the  local  action  is  eharacteiTZed 
by  degeneration  of  the  tis.sues.  by  inflammation,  by  necrosis,  and  also  by 
reijeneration ;  yet  tlie  I'ondition  varies  very  consi<lerably  in  individual 
infections,  so  that  in  many  instances  the  species  of  mierol>e  <*ausinjr  the 
infectiou  may  be  lictermitied  from  the  fonu  of  the  h»cal  changes.  It  is 
difficult  and  sometimes  im]>ossiljle  to  deteniiine  in  each  case  the  exact 
mode  of  action  nf  the  mnlliplyinp  bacteria;  yet  one  may  say  that  the 
processes  of  eliennenl  nictarnorjihosis  called  into  activity  by  the  multipli- 
cation of  the  Sehizomycctes  produce  certain  clmnpes  in  the  tissue-cells, 
the  various  chemical  substances  jtro<lucefi  by  the  pi-ocesses  just  referred 
to  apparently  i>osfiessintr  the  ]>ower  txi  kill  the  cell.**,  or  nt  least  to  induce 
degenerative  changes  in  them,  while  in  some  instances  the  influence  of 
these  substances  manifests  itself  in  some  form  of  inercnsed  cell-activity. 
In  a  certain  sense,  theit'fore.  a  hml  poisoninfj  nmy  l>e  said  to  be  pi*oduced 
by  the  localized -giuwth  of  the  bacterial  colony;  and  it  is  ceilaiu  tlmt 
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greater  importance  should  \)e  attached  to  the  effects  of  this  local  poidou- 
ing  thau  to  tlie  mtre  icithdruu'tit  of  nutrUire  muttfrUtl  effected  by  the  «ou- 
suniptinn  of  iinurishinp  substanees.  Nevertheless  the  importaueo  of 
sueh  wiihdt'awul  i-anuot  be  wholly  denied,  for  it  must  be  recognized  that 
the  tlssiU'-jiiicL's  are  often  reuileivd  uulit  f<ir  the  iiourishmeut  of  the 
tissiie-c^ells  )ty  tlie  cliemical  changes  I'ffected  by  the  bartoria.  and  as  a 
r^ult  of  this  the  cells  must  necessarily  suffer  even  if  no  poisonous  mate- 
rialfi  are  product'd. 

Thf  intrticipation  of  the  irhole  sifsfe)n  in  a  loeid  baeterial  iufeetion  must 
be  ver>'  sb^lit,  or  iiiuy  even  l)e  entirely  abKent^  so  that  the  disease  ajjpean* 
as  a  purely  hnvd  one  (tuberciilfisis).  lu  other  eases  the  locally  ]>vodueed 
toxins  and  t<»xall)umins  find  their  way  mUt  the  eireulatin^  fluids  of  the 
body,  and  a  gfnerni  intoxhittion  is  pro4llucH'il — i.e.,  a  poisonous  effect  is 
exerted  upon  tlit^  nervous  system  and  at  the  same  time  upon  the  blood 
and  u|joii  the  heart,  and  tlie  poison  thus  taken  into  the  sysf^Mii  rnny  pro- 
duce demonstrable  chiiii<;i's  in  the  aniitotnical  structiUH;  of  the  internal 
organs,  especiidly  the  secretiutf  •flund.s,  iind  Kouu'times  also  in  the  skin. 
In  many  disea^^^'s  (tetanus,  typlioid  fever,  septicaemia,  and  diphtheria)  these 
poisonous  symptoms  are  es]>cciij]]y  prominent. 

If  heahu^  should  not  lake  place  in  the  ori>;ina!  seat  of  tlie  disease,  it 
may  involve  the  ueifjhhorinp  tissues  tlmai^di  a  roHtinuoutiUj  progrfsMnff 
hniuiion  of  the  htirhrift.  Xrry  frequently  the  bacteria  piiss  into  the 
lymph -vessels,  or  into  llu-  bltKnl-chnnnels,  and  are  in  this  manner  carried 
off  and  spread  over  the  entire  IkmIv.  The  result  of  this  tiwhtstasLs  of  fJn- 
iHtrtn'ui  is  the  protiueiion  ofinw  rohmifs  nt  a  ilistance  fmm  the  seat  of  the 
original  one,  which  vnv  ntlfntirs  ponsf.sK  aii  the  rhnrtrrit't'isfics  that  hehmj  to 
the  pr'nunnj  ntlouit's.  There  arc  diseases  (tubercidosis  and  .sni>puration) 
in  wliicli  tiie  mimlM-r  of  these  metastatic  cuttmif.s  is  \erv  ffi'eat,  so  that 
numerous  [Mjrtions  of  the  body  (glands,  lungs,  brain,  btmes,  etc.)  may 
IxKiome  the  seats  of  (hseased  areas.  In  contrast  to  these  diseases  there 
are  infeetioiis  in  which  there  is  no  metastasis  of  tlie  baetena  fi*om  the 
original  seat  to  olher  organs  (tetanus,  (liphtlicria). 

During  the  metjishisis  of  the  bacteria  there  is  usually  no  increase  in 
numl>ers  in  the  circulating  bliMjd,  fhr  lutttr  arfiHtf  nithn'  tts  n  tuhitlr  to 
carry  the  bacteria  to  otiier  parth  <il'  ihe  body;  and  muUipUcatiou  first 
oecxn-s  when  the  l>artcriu  have  come  to  rest.  Nevertheless  in  certain 
infections — as.  for  example,  anthrax — the  hactrria  inrvfasf  enonnonsli/  in 
the  circuiaiitttf  IiIihhI,  and  in  this  way  act  harmfully  on  the  bh>od  itself, 
Should  small  bhiod-vessels  Ijeeonic  filled  by  the  multiplying  bacteria, 
local  disturbances  iu  the  circulation  may  be  added  to  the  poisoning 
etTccts  just  uicntioned. 

It"  the  fntrtirin  should  be  deposited  secondarily  iu  the  mucous  mem- 
brane of  the  res|>ii-jitoiy  or  genit<>-urinary  tracts,  fhetj  matj  wtdiipltf  irithin 
thcit'  trttffs  ami  ijirry  on  their  charncteristic  pathologii'al  pitH'esses.  In 
tbe  same  manner  (h'tf  mati  t/iultij>fif  in  thf'  tfrtafpr  cavidf.s  of  th  fut^it/,  as 
the  ])eritoneal,  pleural,  an<l  subarachnoid  spaces.  Should  u  woman  at 
the  time  of  infection  be  pregnant,  thei-e  aiv  quite  a  11  mutter  of  i'ori*'t its  of 
bacteria  which  maij  he  c/irried  to  the  f(efus  (the  bacteria  of  anthrax,  malig- 
luint  pustule,  symptonuitic  anthrax,  glan<lers,  typhoid  fever,  relapsing 
fever,  pneumonia,  and  pus*disca.ses). 

The  de.seriptioji  given  above  of  the  course  pursued  by  the  different 
infections  can  be  considei-ed  as  applying  convetly  to  the  t>i>ical  eases, 
and  there  are  many  infections  which  run  this  course  (typhoid  fever,  pyaj- 
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mia,  erysipelas,  diphtheria,  tetanus,  tuberculosis,  syphilis,  leprosy,  glan- 
ders, actinomycosis,  etc.).  On  the  other  hand,  there  are  also  many  devi- 
ations from  such  a  typical  course.  In  the  first  place,  it  frequently  hap- 
pens that  in  infectious  diseases  which,  in  general,  adhere  to  the  describe 
type,  the  locality  of  the  inception  of  the  infection  is  not  discoverable, 
either  because  no  changes  have  taken  place  at  the  point  of  entry,  or 
because  these  changes  have  already  disappeared.  Such  forms  are  called 
cryptogenic  infections.  It  also  happens  in  many  typical  infectious  dis- 
eases that  the  primary  location  of  the  cause  of  the  disease  is  not  recog- 
nizable, so  that  getieral  disease  symptoms  occur  before  any  local  disease  can 
he  recognized,  and  the  tissue-changes  produced  later  on  have  more  the 
appearance  of  a  seco^ndary  localization  of  the  disease  poison.  This  occurs 
in  a  uumber  of  infectious  diseases  whose  causes  are  not  known,  as,  for  in- 
stance, in  scarlet  fever,  smallpox,  and  measles ;  while  in  some  infections, 
the  causes  of  which  are  known  to  us,  it  is  not  possible  to  specify  the 
point  at  which  the  first  multiplication  of  bat^teria  takes  place.  Thus,  for 
example,  in  the  case  of  relapsing  fever,  we  only  know  that  at  the  time  of 
the  fever  the  spirilla  are  found  in  great  quantities  in  the  blood  j  the 
place  where  they  multiply,  however,  is  not  known. 

Not  infrequently  we  have  a  secondary  infection  accompanying  one 
already  present.  In  many  cases  the  association  is  entirely  accidental, 
while  in  other  cases  the  anatomical  changes  set  up  by  the  first  infection 
produce  a  local  predisposition  to  the  new  invasion.  To  the  first  group 
would  belong,  for  instance,  a  croupous  pneumonia  occurring  in  a  patient 
suffering  from  tuberciilosis  of  the  lungs,  while  with  the  second  group  we 
would  class  an  infection  with  bacteria  which  produce  pus  and  septic  intoxi- 
cation, as  occurs  in  infected  wounds,  and  during  the  course  of  typhoid  fever, 
diphtheria,  scarlet  fever,  dysentery",  caseous  ulcerating  tuberculosis,  etc. 
So  far  as  can  be  jiidged  from  tlie  pathological  events  observed  in  recent 
epidemics  of  influenza  in  Europe,  this  disease  is  also  one  which  predis- 
poses in  a  marked  degree  to  secondary  infections.  In  certain  infections 
— as,  for  instance,  many  forms  of  sappiu*ative  processes — the  tissues 
contain,  already  at  an  early  stage,  two  or  more  varieties  of  Scliizomy- 
cetes,  a  circumstance  which  shows  that  in  tliese  cases  we  are  dealing 
with  a  sort  of  association  of  bacteria — a  double  infection. 

That  decomposition  produces  substances  which  are  poisonous  is  a  fact  which 
has  been  known  for  some  years.  In  1852  Beck  observed  that  ammonium  hydro- 
sulphate,  if  injected  into  animals,  possessed  the  septic  properties  found  in  pus 
ana  sloughs.  In  1863  R.  Panum  secured  from  putrefied  matter  a  putrid  poison — 
i.e.,  a  body  which  was  not  destroyed  by  cooking  and  steaming.  The  action  of 
this  poison  on  the  body  was  found  to  be  similar  to  the  action  of  snake-venom 
and  some  vegetable  a&aloids,  producing  in  dogs  salivation,  dilatation  of  the 
pupils,  diarrhoea,  fever,  and  severe  prostration.*  Von  Bergmann  and  Schmiede- 
berg  found  a  crystalline  substance  m  putrefying  yeast  which  they  named  sepeine, 
and  which  produced  symptoms  of  putrid  infection  in  animals.  By  the  use  of 
glycerin.  Senator,  Hiller,  and  Mikulicz  extracted,  from  decaying  ti^ue-masses, 
a  substance  which  exerted  a  similar  septic  action.  Billroth  called  these  poisonous 
substances  putrefaction  zymoids,  Selmi  endeavored  to  characterize  all  these  sub- 
stances more  minutely,  and  he  succeeded  in  obtaining  from  different  cadavers 
a  number  of  extracts  soluble  in  ether  or  in  water,  which  he  recognized  as  fixed 
bases  of  alkaloidal  character,  and  which  he  designated  as  cadaTeric  alkaloids 
or  ptomaines.     Gautier,  Etard,  Zuelzer,  Sonnenschein,  B^champ,  Schmiede- 

•  See  Panum,  "  Das  putride  Gift,  die  Bakterien,  die  putride  Infection  und 
die  Septikamie,'^  VircK  Arch.,  vol.  Ix.,  1874. 
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berg:.  Hamack,  von  Kencki,  Willgerodt,  Otto.  Angerer,  Haas,  and  others  also 
found  in  deeomposing  tissaes  the  same  or  sanular  cadaveric  alkaloids,  and  their 
exp^^ments  witn  these  upon  ftnimals  showed  that  in  some  cases  these  substances 
produced  no  effect  whatever,  while  in  other  cases  they  produced  poisonous 
svmptoius  similar  to  those  produced  by  curari.  morphine,  and  atrapin.  Von 
!^encki  (1876)  discovered  a  cadaveric  alkaloid  {eoiUdine)  which,  as  a  salt  of  plati- 
num, crvstallixed  in  flat  needles.  He  also  produced  it  in  a  pure  state,  and  made 
out  its  chonieal  formula.  Accordiufr  to  von  Nencki,  Etard,  Gautier,  and  Ban- 
mann,  and  especially  Brt^:er,  have  studied  these  ptomaines,  and  the  latter  has 
produced  a  large  number  of  them  in  a  pure  state,  and  has  ascertained  their 
physolo{^cal  action.  Brieger,  for  instance,  has  extracted  from  fibrinopeptone 
a  poisonous  sabstanee  {pepMojnn)  which  produces  in  animals  paralytic  symp- 
toms and  ultimatelv  diMth.  From  decomposing  horse-flesh  he  extracted  three 
substances,  crystaHLcing  in  the  form  of  needles — namely,  neuridine,  neorine,  and 
choline,  the  second  of  which  is  markedly  poisonous,  and,  like  muscarine,  pro- 
duces sahvation,  alterations  in  the  respirat4M*y  and  circulatory  functions,  con- 
traction of  the  pupils,  and  clonic  q>asms.  From  fish  he  obtained,  besides 
neuridine,  three  otner  poisonous  substances — namely,  ethylendiamine,  a  sub- 
stance similar  to  muscarine,  and  a  substance  called  gadinm.  From  decaying 
cheese  and  glue  he  obtained  the  poison  neurine,  and  from  decomposed  yeast, 
dimethylamine. 

The  majority  of  ptomaines  are  not  present  in  fresh  tissues,  and  it  is  probable 
from  this  that  they  are  derived  from  the  breaking  up  of  chemical  combinations 
which  are  contained  in  the  tissues.  Thus,  from  lecithin,  choline  is  probably 
derived,  and  from  this  is  then  produced  the  poison  neurine. 

Choline  and  neuridine,  according  to  Bneger,  are  already  recognizable  in 
the  fresh  human  brain. 

When  the  poisonous  character  of  a  part  of  the  ptomidnes  was  learned  from 
these  investi^tioi^  there  was  a  tendency  to  asanme  that  the  toxic  symptoms 
observed  in  infectious  diseases  are  due  entirely,  or  in  a  ^reat  measure,  to  the 
substances  called  toxins.  Bv  investigations  conducted  donng  the  last  few  yeax? 
by  Bon^  YenojL,  Bnchner,  j^^er.  and  C.  Frankel,  it  has  b^n  established  that 
the  tezaibmnins  play  a  more  important  part  than  the  toxins,  and  can  therefore 
be  called  the  peemliar  ntedjk  poisons  of  bacteria.  Of  the  active  albuminoid  sab- 
stances  one  fonneriT  knew  only  the  enzyms— pepsin,  trypsin,  ptyalin,  diastase 
—which  produce  a  hydrolytic  decomposition  mto  various  elements.  The  ac- 
tively poisonous  albuminoid  bodies,  the  toxalbumins,  have  only  become  known 
througn  the  study  of  infectious  diseases  in  late  years.  Briegn*  and  Frankel  are 
of  the  opinion  that  the  toxalbumins  which  produce  the  poisonous  symptoms  are 
formed,  by  the  action  of  bacteria,  from  the  albuminoids  of  the  juices  of  the 
body.  Bnehner,  on  the  contrary,  holds  the  opinion  that  they  are  produced  from 
the  oeU-«ontents  of  the  bacteria  themselves,  and  brings  forward,  in  support  of 
this  view,  two  facts — namely,  that  the  diphtheria-bacillus  is  capable  of  producing 
its  toxalbomin  in  urine  free  from  albumin  (Guinochet),  ana  that  the  tetanus* 
bacillus  produces  its  toxalbumin  in  a  solution  of  afl|>aragin  and  animal  salts. 
The  toxalbumins  and  the  enzyms  lose  their  virulence  in  solutions  at  a  tempe- 
rature of  55-70°  C.  In  the  dry  state  they  can  withstand  much  higher  tem- 
peratures. 

It  is  noteworthy  that,  after  being  injected  into  the  tissue  of  an  animal,  the 
toxalbumins  do  not  act  immediately,  but  after  some  hours,  or  even  after  some 
days.     They  differ,  therefore,  in  this  respect  from  ordinary  poisons. 

Should  the  composition  of  the  blood  be  altered  and  the  blood  and  body- 
iuices  be  infected  by  the  continnons  introduction  of  harmful  substances  from 
bacterial  colonies,  a  condition  may  be  produced  to  which  the  term  dyscrasia 
ftom  bacteria  may  with  proprietv  be  applied.  In  this  <M>nnection  it  should  be 
mentioned  that  this  name,  which  formenr  indicated  an  alteration  in  the  constitu- 
tion of  the  blood  and  fluids  of  the  body,  which  was  formeriy  much  used,  and 
which  played  a  great  r61e  in  pathology,  is  employed  very  little  at  the  present  time. 

§  15.  The  disease-producing  Mucorines  and  Soccharomycetes  l>e- 
long,  as  do  the  Schizomyeetes.  to  the  non-ohl<>rophyllaceous  thallophj-tes. 
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and  enter  into  the  human  organism  in  the  form  of  inarticulated  and 
articulated,  and  sometimes  ramified^  filaments  or  hyphce,  and  short  oval 
cells,  the  so-called  conidia.  These  organisms  sometimes  form  peculiarly- 
shaped  seed-organs.  The  individual  cells  are  much  larger  than  those  of 
the  Schizomycetes,  so  that  they  may  already  be  recognized  by  the  aid  of 
a  slight  magnifying  power.  Outside  of  the  body  the  Mucorinea  develop 
as  moulds  of  various  colors  on  the  surface  of  aU  sorts  of  organic  sub- 
stances and  solutions,  whose  carbon  compounds  serve  for  their  nourish- 
ment. The  Saccharomycetes  or  yeast-fungi  are  found  in  fluids  containing 
sugar,  and  are  the  cause  of  their  alcoholic  fermentation. 

The  spores  or  conidia  of  the  MucorinesB  are  to  a  great  extent  developed 
in  specif  seed-organs,  but  they  are  also  occasionally  cast  oif  from  the 
ends  of  the  stalks  or  filaments  by  a  simple  process  of  constriction,  these 
latter  constituting  a  specially  resistant  type  of  propagation-cells.  Both 
varieties  find  their  way  into  the  air  and  may  be  widely  scattered  by  its 
currents.  In  a  similar  manner  the  yeast-cells  can  be  carried  about  in 
the  air,  in  case  any  fermentative  fluid  dries  up  and  the  remaining  solid 
product  becomes  reduced  to  dust. 

As  disease  producers,  the  Mucorinese  and  Saccharomycetes  are  much 
less  important  than  the  Schizomycetes,  since  only  a  few  forms  can  be 
reproduced  within  the  himian  body,  and  since  those  which  do  so  multiply 
always  develop  only  in  a  very  limited  area,  so  that  the  disease  produced 
remains  a  purely  local  one.  Finally,  they  do  not  produce  poisons  which 
are  capable  of  acting  upon  the  entire  organism,  or  upon  the  nervous 
system,  or  upon  the  blood,  but,  at  most,  substances  which  act  only  upon 
the  tissues  in  the  near  neighborhood  of  the  filaments.  They  can,  there- 
fore, produce  only  local  infectious  diseases. 

The  points  of  entrance  for  these  organisms  are  in  general  the  same 
as  those  for  the  bacteria.  The  development  of  fungi  almost  always 
occurs  at  points  which  are  accessible  from  without.  Very  frequentiy 
they  develop  only  in  the  dead  material  which  lies  upon  some  particular 
part  of  the  skin  or  mucous  membrane,  or  upon  the  surface  of  a  wound. 
Thus  the  external  ear,  from  uncleanUiiess,  from  the  presence  of  cerumen, 
or  from  oil  dropped  into  the  canal,  may  become  the  seat  of  their  growth. 
They  may  develop  in  necrosed  portions  of  lung-tissue,  or  in  dead  epithe- 
lium and  food-debris  in  the  mouth.  Through  the  introduction  into  the 
stomach  of  liquids  undergoing  fermentation,  a  further  multiplication  of 
the  mould  may  there  occur ;  and,  besides,  the  stomach  usually  contains  a 
small  niunber  of  sacoharoinycetes.  The  action  of  tliese  saprophytic 
growths  of  moulds  and  yeast-fungi  is  in  general  insignificant,  the  latter 
practically  nil.  The  changes  produced  by  tlie  yeast^fimgi  at  the  spot 
where  they  multiply  tend  to  excite  inflammation.  The  local  action  is 
increased  by  the  penetration  of  the  filaments  into  the  living  epithelium, 
at  which  points  they  play  the  part  thenceforth  of  a  parasitic  growth. 
Under  certain  conditions  the  fungi  may  penetrate  into  the  connective 
tissues,  but  even  then  their  extension  is  limited.  Only  in  rare  instances 
and  under  pecuhar  circumstances  has  the  spread  of  the  conidia  by  means 
of  the  lymph  and  blood  been  noted.  When  this  happens,  however,  and 
conidia  are  deposited  in  other  organs,  they  may  there  develop  into  fila- 
ments, and  cause  local  degenerations  and  inflammations.  But  from 
these  secondary  centres  no  further  extension  takes  place. 

Their  rdle  as  parasites  is  most  strongly  accentuated  in  the  ease  of  a 
few  forms  of  filamentous  fungi  (favus,  herpes  tonsurans,  pitjTiasis 
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versicolor)  which  are  encountered  in  the  skin,  for  in  this  locality  they 
develop  in  the  epidermis  and  its  adnexa,  in  the  hair  and  nails,  and  cause 
there  peculiar  epithelial  degenerations  and  inflammations  of  the  papillae 
and  corinm. 

§  16.  The  production  of  diseases  by  animal  parasites  can  most 
frequently  be  traced  to  the  fact  that  the  mature  parasites,  or  their  larvae 
or  eggs,  are  introduced  into  the  intestinal  canal  by  means  of  the  food  or 
drink  or  by  unclean  fingers ;  and  this  is  particularly  true  of  those  para- 
sites whose  habitat  is  the  intestine  or  other  structures  located  in  the 
interior  of  the  body — a  circumstance  which  has  caused  them  to  be  named 
Entozoa.  Parasites  that  live  in  the  outer  tissues  of  the  body — namely, 
the  skin — and  are  consequently  called  EpUoa,  either  remain  only  on  the 
outer  surface  of  the  skin,  or  penetrate  from  without  into  it.  If  the 
parasites  pass  from  the  intestine  into  the  surrounding  tissues,  the  condi- 
tion, according  to  Heller,  is  called  an  mvasion-disease.  Animal  parasites 
produce  only  local  changes ;  yet  they  may  also  induce  symptoms  of  a 
general  disease,  especially  when  they  are  present  in  great  numbers  in  the 
body,  and  pervade  thickly  either  the  blood  or  certain  tissues. 

Some  of  the  parasitic  Protozoa  are  harmless,  inasmuch  as  they  de- 
velop in  the  secretions  of  the  mucous  membranes  without  producing 
morbid  conditions.  Other  forms,  on  the  contrary,  penetrate  the  living 
tissues  and  multiply  within  the  cells,  so  that  localized  pathological  con- 
ditions, characterized  by  the  new  formation  of  peculiar  tissues,  are  pro- 
duced {see,  in  Section  IX.,  Ooccidia-disease  of  the  Rabbifs  Liver  and 
Epithelioma  Contagiosum).  Certain  forms,  which  probably  are  to  be 
classed  among  the  Sporozoa,  multiply  as  inhabitants  and  destroyers  of 
the  red  blood-corpuscles,  and  are  the  cause  of  the  infections  disease  which 
is  called  malaria.  The  malarial  parasites  develop  externally  to  the 
human  body,  in  the  earth  of  certain  localities,  and  are  probably  taken 
into  the  human  body  through  the  respired  air.  It  is  not  impossible 
that  other  infectious  diseases — for  instance,  smallpox — are  caused  by 
parasites  that  belong  among  the  Protozoa. 

Parasitic  worms  [nematodes,  cestodes,  trematodes)  dwell  in  the  human 
body,  sometimes  fully  developed  and  capable  of  reproduction,  at  other 
times  as  larvse;  in  the  first  ease  they  are  mostly  intestinal  parasites 
which  live  on  the  contents  of  the  intestine,  rarely  sucking  the  blood 
from  the  intestinal  mucous  membrane.  There  are,  besides,  worms  which 
develop  in  other  regions — e.g.,  in  the  blood-vessels,  in  the  lymphatics,  in 
the  lungs,  in  the  pelvis  of  the  kidneys,  and  in  the  skin.  If  they  produce 
either  eggs  or  developed  larvse,  these  either  pass  away  with  the  dejecta 
or  reach,  through  active  wanderings  or  by  being  carried  in  the  current 
of  the  blood  and  lymph,  other  organs  of  the  >>ody,  and*thus  complete 
their  first  stage  of  development.  In  this  new  locality,  however,  they  do 
not  again  reach  the  reproductive  stage,  but  remain  in  the  lanal  condi- 
tion. Further  development  only  takes  place  when  these  larvte  reach  a 
new  host. 

The  worms  which  attain  the  reproductive  stage  in  man  enter  as  larvae 
with  the  food  and  drink,  ha\'ing  made  their  first  development  in  animals 
the  flesh  of  which  serves  us  as  food ;  in  some  oa.ses,  however,  they  are 
derived  from  certain  of  the  lower  animals  that  do  not  serve  as  food. 
Others,  again,  develop  in  water  or  m*)ist  earth,  or  even  in  the  intestinal 
tract  of  man,  so  that  the  eggs  or  the  embn^'os,  which  pass  off  with  the 
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dejeotions,  at  onoe  fomnieiiee  to  develop  again,  i>rov-i(ie(I  tliey  fiml  an 
enti*an'.'e  into  tlii'  hiinmn  iiitfstiitrtl  tract. 

Till'  wornis  wliifli  t'xist  hi  irmn  (.>nly  in  ilw  hirvtkl  ftirm  {as  the  (?ysti- 
eercus)  develop  from  eg^rs  vvliidi  Imve  t'orae  from  scxmilly  matniv  w«iriiis 
which  inhabit  dilfrii-nt  uniiiiHls.  Tht-y  art;  tnk^n  int4i  the  intestinal  tnict 
mostly  through  the  media  (if  tV»od  and  drink ;  still  they  may  htf  also, 
under  certain  conditions,  inhaled  in  uir  contuinini^  dnst  "whifh  luu  in  it 
eggs  capable  of  dcvoloprncnt.  wlit-nct'  the  c;;gs  <:t'i  in(o  tin*  intt'Ktinal 
tra<!t  and  complete  the  first  .st^igcs  of  development. 

The  intestinal  i)anii*itcs  produce  gencnilly  verj*  little  distnrlmncft, 
th(»ngli  they  may  irritate  tlie  intestine  ini't'LanieaHy.  Thost-  tliat  snck 
blood  (Aurftt/losfoiiui  tluoth'tutb)  can,  if  they  iu*e  pres<'nt  in  jrreat  numbers, 
produce  ana*mia.  The  parasites  which  take  \ip  tlieir  nbodr  in  the  tissuefl 
prudnee,  in  their  immediate  neighborhood,  sliglit  iriHannnation  and  pro- 
liferation of  the  tisHiii's;  but  these  changes  can  pniduee  severe  symj^- 
toniH  only  when  the  pai*asites  (Iar\*tp  of  trioliina^)  ai-e  pivsent  in  the 
tis.sues  in  great  numlicrs.  Some  act  detrimentally  to  tlie  jtarts  through 
the  fiu't  that  they  i*each  a  large  size  (ecrhinmMK-cus  cysta)  uud  thereby 
crowd  aside  and  compress  the  neighboring  organs. 

In  geneml  their  patliogcni*^  significance  de]»endR  essentially  on  their 
location.  A  jmrasite  siluatHd  in  the  muHelesorlhe  snlM-ntaneotis  tissues 
causes  slight  symptoms,  whih'  one  located  in  the  eye^  the  medulla  oblon- 
gata, the  heart,  or  any  vessel,  may  cause  severe  complications,  and,  under 
certain  conditions,  death. 

Of  the  parasitic  Arlhropoda  {ArfwhttUhi  and  insci-fs)  some  come  from 
the  outer  world,  some  from  infected  aniinals,  and  some  from  infi-cted 
men.  Most  of  them  belong  to  the  Kpizoa.  which  have  their  liabitut  in  or 
on  the  skin  and  accessildo  muci»us  membranes  (lice,  bedbugs,  tiies,  itch- 
mites),  or  oidy  occasionally  take  their  nourishment  from  the  skin  (gnat.s, 
hoi*se-rties,  Heas).  A  few  midliplv  either  in  llit*  skin  (itch-miles)  or  on 
its  surface  (Uee).  In  the  iulvrnal  organs  is  found  only  the  lana  of  au 
ai*a(^hnoid  {VpnUmtoma  tleiitirnhttHtn).  In  so  far  as  the  Ai-aclinida  jKme- 
trate  the  skin,  epidermis,  hair-follicles,  and  sweat-glands,  they  cause 
symptoms  of  iiTitntion  and  intlamnuition ;  the  bite  of  insects  that  draw 
blood  is  also  followed  l>y  an  iuHammation  in  the  affected  region. 

II.  Metastasis  and  Embolism,  and  their  Importance  in  the  Etiology 
of  Lymphogenous  and  Hccmatog^enous  Diseases. 


§  17.  Injuries  acting  u\Mm  the  body  from  without  cause,  except  in 
certain  ca«c»  (overheating  of  the  liody.  lack  of  foinl  and  oxygen.  |Miison- 
iug  Ijy  nerA'e- poisons,  etc.),  local  tissue-cliHUgcs.  Should  the  h)eal  dis- 
ease be  caus<'il  by  missiles,  dust,  jviison,  or  parasites,  these  umy  at  the 
same  time  introduce  foreign  substances  int(»  the  altere*!  tissues.  Tlie 
couse(pience  of  this  is  that  ihr'  primary'  focui*  of  disease*  very  fretpiently 
contains  portions  of  the  body  whi<'h  have  been  set  free  through  tissue- 
changes,  and  alsii  i-nrpiiseuhir  substaiu'cs  winch  have  been  intix)duccd 
from  with<ail,  Imth  of  which  are  capable,  on  account  of  their  ehemieo- 
physieal  chanicteristies,  of  being  taken  up  by  the  lynii>h-eurrents  of  the 
body,  or  by  the  Idi>od,  and  can*iwl  to  other  li>ealilies.  wheiv  tlicy  again 
become  lodged.  If  the  substances  are  insotublv  tlicy  vnH  hi*  cnrriwl 
along  in  that  form ;  if  they  are  soluble  th 
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of  solution,  aud  then  either  be  destroyed  or  be  excreted  by  the  excretory 
organs,  in  their  original  or  in  a  changed  form ;  or,  finally,  they  may 
l>e  deposited,  once  more  in  solid  form,  in  some  other  organ  or  tissue  of 
the  body. 

When  a  substance  which  has  penetrated  into  the  tissues,  or  one 
which  has  become  free  in  the  body,  is  taken  up  l>y  the  lymph-  or  blood- 
stream and  carried  to  other  parts  of  the  body,  and  there  deposited,  the 
process  is  called  metastasis.  If  the  metastasis  occasions  a  pathological 
change  in  the  tissue  involved,  we  speak  of  a  metastatic  disease.  Inas- 
much as  the  latter  must  originate  either  in  the  lymph  or  in  the  blood,  it 
is  correct  to  speak  of  it  as  either  a  lymphogenous  or  a  tiaematosenous 
disease. 

As  has  been  seen  in  the  preceding  chapter,  metastases  play  an  exceed- 
ingly important  role  in  the  pathological  processes  that  occur  during  life, 
and  yet  they  are  not  all  of  equal  significance.  The  Importance  of  the 
metastasis  is  dependent  rather  upon  the  nature  of  the  transported 
material 

In  the  first  place,  the  size  of  the  metastatic  l>ody  influences  greatly  the 
course  and  action  of  the  metastasis,  as  very  small  bodies  can  pass 
through  all  the  blood-vessels — even  the  capillaries — while  larger  bodies 
can  only  be  transported  through  vessels  the  diameter  of  which  when 
filled  exceeds  their  own  diameter.  Should  one  of  these  bodies  in  any 
way  enter  either  the  pulmonic  or  the  general  circulation  and  be  carried 
along  with  the  blood-current,  its  further  progress  will  be  stopped  when 
it  reaches  one  of  the  subdivisions  of  a  vessel  which  has  a  calibre  too 
small  to  permit  the  body  to  pass,  and  then  the  latter  will  plug  the  vessel 
more  or  less  perfectly.  When  a  somewhat  large  particle  is  forcibly 
thrown  in  this  manner  into  a  vessel 
it  is  eustomaty  to  speak  of  the  oc- 
currence as  an  embolism,  and  the 
body  that  remains  fixed  in  the  vessel 
is  called  an  embolus  or  a  thrombus 
(Pig.  2, 6).  The  effect  of  an  emboUsm 
is  generally  to  stop  the  vessel  more 
or  less  completely  and  to  interfere 
with  the  circulation ;  yet  there  are 
cases  in  which  the  resultant  altera- 
tions in  the  circulation  are  verj- 
varied,  owing  to  the  fact  that  at  one 
time  either  a  complete  or  a  partial        Pio-  2.— Multiple    emboli   in   the 

compensatory  circulation  mav  be  ^™°*'|f«  ^1  *^«  f^t"*"^!!  ^''^V' 
Pcfohli«hwl  hphin*!  thP  PrnWiliiR  *^''  thrombosis  of  the  right  auncle. 
establisbed  oelund  the  emlwlus,  „  Arterial  branch;  6,  embolus ;  c,  em - 
while  at  another  time  such  a  com-  bolus,  associated  with  a  condition  of 
pensation  may  be  entirely  wanting  thrombosis. 
(see  Section  III.).  If  the  compensa- 
tion be  insufficient,  or  if  it  be  entirely  wanting,  the  tissues  supplied  by 
the  ramifications  of  the  plugged  blood-vessel  will  either  undergo  degen- 
eration or  will  die. 

The  nature  of  the  transported  hftdy  (the  embolus)  has  the  greatest  in- 
fluence upon  the  subsequent  events  of  the  metastasis.  If  it  is  a  small, 
bland,  insoluble  body,  its  action  on  the  tissues  will  be  veri-  slight :  if  it  is 
soluble  aud  chemically  active,  it  may  produce  very  marked  tissue- 
changes.     If  it  is  made  up  of  bacteria  cajtable  of  niiUtiplication,  they 
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can,  by  increasing,  produce  a  pathological  change  similar  to  that  which 
occurred  in  the  original  seat  of  infection.  If  they  are  tissue-cells  capa- 
ble of  growth  and  increase,  they  may  induce  a  pathological  growth. 

Metastasis  may  occur  in  the  lymph-channels  as  well  as  in  the  blood- 
vessels, and  this  usually  takes  place  in  the  direction  of  the  normal  cur- 
rent; but  in  exceptional  instances  it  may  take  place  in  the  direction 
opposite  to  the  current — that  is,  a  retrograde  metastasis  may  occur.  In 
the  lymphatic  channels  such  a  change  in  the  direction  of  the  current 
occurs  when  the  normal  escape  of  lymph  from  the  territory  involved  is 
hindered  by  the  stoppage  of  the  lymphatics,  and  the  lymph  is  thus  com- 
pelled to  seek  other  outlets.  A  similar  condition  may  be  produced  in 
areas  supplied  by  blood-vessels  situated  at  the  periphery  of  the  body. 
Then,  again,  plugs  may  be  forced  back  from  the  vena  cava,  by  blood- 
waves  running  in  the  reverse  direction,  into  the  peripheral  venous 
branches.  According  to  the  experiments  of  Arnold  upon  dogs,  foreign 
bodies  (small  particles  of  wheat)  which  were  introduced  into  the  jugiihu* 
veins,  crural  veins,  and  longitudinal  sinus  of  the  dura  mater,  and  which 
were  too  large  to  pass  through  the  capillaries,  were  carried,  by  a  current 
running  in  the  reverse  direction,  not  only  into  the  trunks,  but  also  into 
the  smallest  branches  of  the  veins  in  the  liver,  kidneys,  heart,  extremi- 
ties, dura  and  pia  mater,  and  orbits,  as  well  as  into  the  posterior  bronchial 
veins. 

If  there  chance  to  be  an  opening  in  one  of  the  septa  of  the  heart,  it 
is  possible  that  particles  circulating  in  the  blood  may  pass  directly  from 
one  side  of  the  heart  to  the  other,  and  so  give  rise  to  the  condition 
termed  a  crossed  or  paradoxical  embolism. 

The  transported  particles  start  in  the  first  place  from  the  primary 
foci  of  disease,  but  it  must  not  be  forgotten  Uiat  such  a  transported 
substance  may  a  second  time  undergo  transportation;  and,  further,  that 
in  a  metastatic  centre  of  disease  there  may  be  produced  a  fresh  crop  of 
transportable  particles,  which  afterward  can  be  swept  along  by  the  blood- 
or  lymph-current  to  other  portions  of  the  body.  There  can  consequently 
be  produced  from  one  metastatic  focus  of  inflammation  other  new  metas- 
tases. Finally,  it  also  happens  that  diseases  plainly  dependent  upon 
some  contamination  of  the  lymph  or  blood — and  which,  therefore,  may 
rightly  be  termed  lymphogenous  and  haematogenous  diseases — are 
developed  without  om:  being  able  to  find  the  primary  centre  from  which 
the  disease  started.  As  such  centres  often  contain  bacteria  which  can 
originate  only  in  the  outer  world,  one  must  suppose  that  these  organ- 
isms, which  ordinarily  produce  inflammation  at  the  point  of  entrance, 
may  under  certain  conditions  enter  the  tissues,  and  eventually  reach 
the  blood-  and  lymph-channels,  without  causing  such  changes  at  the 
point  of  entrance,  and  that  afterward  their  presence  in  these  fluids  may 
be  discovered — a  chain  of  circumstances  which  gives  color  to  the  belief 
that  u  crypto(fenk  infection  may  take  place,  and  that  the  metastatic  disease 
may  assume  the  appearance  of  a  primary  affection.  This  can  happen  not 
only  when  pathological  changes  are  entirely  absent  at  the  point  where 
the  bacteria  entered,  but  also  when  they  may  at  one  time  have  been 
present,  but  afterward  entirely  disappeared  before  the  time  of  the  exam- 
ination. 

§  18.  The  bodies  which  produce  metastases  can  advantageously  be 
divided  into  six  groups,  in  which  aiTaugement  both  the  source  and  the 
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nature  of  the  ti^ansported  bodies,  as  well  as  the  effeets  of  the  metastai^es, 
will  \m'  foiiml  to  liHVi'  rt'i'tivi't]  dup  eonsidfmtiou. 

Tlie  drst  ^rroiip  is  irnide  up  of  insoluble,  lifvless  substances  composed 
of  vei-\'  simdl  pai'ti<]ps,  whirh  enU^r  tlie  body  from  witliout  and  which 
may  be  callt-d  dust-particles.  The  mnjoritj'  of  tliern  enter  the  body  by 
way  of  the  i-espiratory  tract,  and  jiass  fi-oin  the  lung's  into  its  tissues.  A 
few  may  enter  the  tissues  bv  unint^nitioual  or  iutentioual  wonuda  (tat- 
tooii»(f).  Most  fi*e(]uently  tlioy  art-  particies  of  soot,  cowl,  and  stone, 
wliile  less  frequently  they  are  uietid,  porceluin.  tobiieco,  liair,  and  divers 
other  dusts.  In  tattooing:  of  the  skin,  soot,  rinnabar,  and  other  ^'annlar 
coloring-matters  play  a  part- 
How  the  tissues  of  the  tirijanisni  beliave  toward  tliese  Iwdies  will  be 
described  in  other  places  (see  Section  VL,  Chapter  III.,  and  Section  IV., 
Chapter  IX.).  It  is  only  necessary  lo  iuenti<»n  liere  that  these  dusts, 
sometimes  in  a  free  state,  sijmetinies  within  tlie  cells  of  tlie  tissues,  are 
deposited  in  the  tissues  at  the  jioiiit  of  entrance,  or  after  a  time  in  the 
lymphatics  and  lynii)h-glands.  In  the  latter  organs  they  may  ivmain 
for  a  lifcliTric;  tmt  wlien  there  is  a  great  deposit  the  possibility  aiises 
of  their  being  truuspni'ted  to  remoter  spots,  this  occurrence  being  likely 
to  take  phK'c  when  the  lyrnph-gUinds  inulcrgo  softening  by  reason  of 
the  great  *iuan(ity  of  piu'ticles  (h'posited  in  their  sulrstanee.  and  exrite 
inftammatiou  uud  jtrofiferationof  the  ti.ssuesin  their  neighborhood.  Asa 
result  of  tliis  iiiHnnniiHtion  tlie  iiffectrd  lyinpli-glands  are  likely  to  break 
down  and  cstabtish  a  communicatiou  with  a  neighboring  vein,  and  this 
i.s  especially  apt  to  occur  at  the  hilus  at  the  lung,  when-  eventually  the 
ctmtente  of  the  ghiud  liuti  their  way — soruftimes  imiaediately.  sometimes 
more  shuvly — into  the  calibre  of  the  bh>od-vesseU  and  ultinuitely  iuto 
r**moter  partes  of  the  vjiscuiar  system.  Acoonliug  to  Arnold,  dust  in  the 
hiug  CAU  hxlgp  dircf'tly  in  tin*  wall  i>f  the  bh)od-vfHsel,  and  theiuM'  |)euc- 
trate  even  as  fjii"  as  into  tlte  intima.  Probahlv  particles  fmm  a  broken- 
ilown  lyinjdi-ghuid  cnu  enter  again  intxi  tin-  lympli-strrani,  and,  if  not 
again  arrested  in  some  lymphatic  gland,  may  reach  the  bl<»od-strea7n. 
It  is  also  coui'eivable  that  softei»ed  lymph-glands  may  break  »lii*eetly  iuto 
the  tlioracic  duet. 

As  uumerons  experiments,  some  of  them  veiy  recent,  have  shown, 
the  dust  ent+^riug  the  rin^nlatiou  remains  there  but  a  very  short  time,  so 
that  large  annHuits  artifi<-ially  intioduccd  into  a  vein  are  (»bservt*d  to 
disap]>ear  fn>m  the  cirndating  IJood  in  a  few  lnmrs.  The  greafer  part 
is  collected  in  the  eapilhirifs  of  Ilic  liviT,  of  the  spleen,  and  of  rhe  bone- 
marrow,  and  is  there  found  jtartly  Avithiii  the  feiu-ocytt-s  and  partly  free, 
in  the  latter  easi.^  adhering  tn  thr  inner  surface  of  the  endotheliaJ  cells. 
After  a  short  time  there  commences  an  emigration  of  leucocytes  contain- 
ing the  particles  of  dust  imt  of  the  bhMid-ehannels,  so  that  the  dust  col- 
Itds  moiv  and  more  in  the  tissues,  win-re  it  is  held  jmrlly  wilhiu  wander- 
iug  cells,  partly  in  fixed  cells,  antl  in  part  fi*ee  for  a  long  wiiih^ — under 
certain  condititms,  even  for  a  lifetime.  In  the  nieanTime  a  part  is 
carried,  within  the  lyniJ^lmties,  to  more  distant  points  and  there  <leposited 
— unmely,  in  the  porta!  iiml  co'Uae  lymph-glands.  Still  other  dust-cells 
can,  accfinling  t^j  the  researches  of  Kunkel  and  SieVtel,  reach — through 
the  cjipilliij-ios  of  the  lungs  and  the  parenchyma  of  the  tonsils,  and 
Joubtless  other  lymphoidal  apparatus,  as  in  the  intestine — tlie  surface  of 
one  of  these  three  cavities,  and  theiiee  be  dis<'lnirgcd  externally.  From 
the  livCT  they  may  be  discharged  by  rmans  of  tlie  bile.     Aeeoi'ding  to 
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observatious  which  one  can  often  make  on  inflamed  organs,  the  wander- 
ing leucocytes  are  able  to  transport  to  the  surface  in  large  niunbers  the 
foreign  particles  which  lie  among  the  tissues  of  the  lungs,  the  intestinal 
tract,  and  other  organs,  and  in  this  manner  clean  the  tissues. 

The  second  group  of  portions  of  the  substance  of  the  body  which  are 
occasionally  transported  from  one  spot  to  another  by  means  of  the  blood- 
stream is  composed  of  the  remains  of  tissues  and  of  cells  of  the 
parenchyma  of  organs,  in  addition  to  dead,  coagulated,  and  broken- 
up  blood-constituents.  Among  tissue-necroses,  tlie  elements  which 
most  frequently  find  their  way  into  the  circulation  are  fat-drops;  and 
this  occurs  especially  when,  through  trauma  or  some  other  pathological 
process — as,  for  instance,  hsemorrhages — one  of  the  tissues  is  destroyed. 
The  finding  of  fat-drops  occurs  most  frequently  after  the  crushing  and 
destmction  of  fat-tissues,  such  as  are  found  in  the  different  panniculi 
adiposi  and  in  the  marrow  of  bones;  but  fat  may  also  find  its  way  into 
the  circulating  blood  after  destruction  of  the  tissue  of  the  liver.  Of  the 
parenchymatous  cells,  those  which  most  frequently  find  their  way  into 
the  blood  come  from  the  liver  (Turner,  Jiirgens,  Klebs,  Zenker,  von 
Recklinghausen,  Schmorl,  Lubarsch) ;  less  frequently  are  placental  cells 
(SchmoH,  Lubarsch)  and  the  giant  cells  of  bone-marrow  (Lubarsch) 
encountered.  AU  of  these  are  generally  transported  to  the  arteries  and 
the  capillaries  of  the  lung;  but  they  may  also,  through  a  retrograde 
action  of  the  cun-ent,  be  thrown  back  into  the  veins ;  or,  through  para- 
doxical embolism,  they  may  find  an  entrance  into  the  arteries  and  capil- 
laries of  the  systemic  circulation.  Traumatic  and  toxic  injuries  and 
haemorrhages  in  the  affected  tissues  give  rise  to  emboli  composed  of  liver- 
cells  and  the  giant  cells  of  bone-marrow.  Placental-cell  emboli,  in  the 
form  of  miiltinuclear  giant  cells,  are  observed  in  puerperal  eclampsia, 
and  it  is  probable  that  the  ci-amps  (Lubarsch),  perhaps  also  the  small 
necroses  in  the  placental  villi  (Schmorl),  are  the  cause  of  the  metastasis 
of  these  cells.  According  to  the  researches  of  Schmorl  and  Lubarsch, 
portions  of  the  epithelium  of  the  villi  pass  int^t  the  uterine  vein  and 
thence  into  the  circulation.  It  is  possible  also  that  decidual  cells  enter 
into  the  vessels.  In  pathological  conditions  of  the  intima  of  the  heart 
or  the  blood-vessels,  degenerated  endothelial  cells,  broken-down  and 
degenerated  masses  of  the  connective  tissue  of  the  intima,  portions  of 
tlie  valves,  and  similar  material  may  ent«r  the  blood-stream.  Fragments 
and  disiutegrated  portions  of  blood-corpus(des  may  emanate  from 
litemorrhagic  foci  or  even  from  the  l>l(K)d- vessels  themselves  (as  in  the 
case  where  the  blood  circulating  in  them  has  begun  to  degenerate 
through  the  influence  of  some  hannful  agency),  and  in  this  condition 
they  may  f<»rm  a  part  of  the  circulating  blood.  On  the  other  hand, 
coagulated  masses  of  blood  enter  the  circulation  when  a  thrombus — i.e., 
blood  coagulated  in  the  vessels  (see  Se<^tion  III.) — breaks  loose  from  its 
attachments,  either  in  ioto  or  in  fragments. 

The  fate  of  the  last-named  substances  is  dependent  upon  their  size 
and  physical  chanuitenstics.  All  fragments  that  are  of  greater  calibre 
than  the  capillaries  remain  impacted  in  the  bifurcations  of  the  artery 
(Fig.  2,  />),  and  generally  effect  occlusion  of  the  vessel.  This  usually 
results  from  throm)>i  dislodged  tVom  other  localities,  or  from  fragments 
of  them.  The  fat-droplet.s  on  the  other  hand,  generally  pass  into  the 
capillaries,  and  some  remain  there,  while  others  pass  through  their 
lumina  and  only  become  arrested  in  some  otlier  localitv-     It  is  because 
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the  fat-tlroplets  occasionally  pass  into  the  veins  and  then  into  the  heart 
that  we  find  them  collected  especially  in  the  capillaries  of  the  lungs. 
They  may  go,  however,  still  further ;  passing  through  the  lung,  they 
may  reach  the  capillaries  of  the  major  circuhition,  and  thenee  enter  the 
intertubular  and  glomerular  capillaries  of  the  kidney,  and  o(^'*isionaUy 
they  are  also  found  to  some  extent  in  the  capillaries  of  the  brain.  Fat- 
emlx>li  in  the  capillaries  produce  noticeable  alterations  in  the  circtdation 
only  when  they  are  present  in  great  numbers ;  but  when  this  is  the 
case  they  can  produce  oedema  at  various  places  in  the  body  (Virchow). 
Furthermore,  fat  is  destroyed  in  the  progress  of  metabolic  changes. 

When  transjx)rted  by  means  of  the  arterial  circulation,  parenchyma- 
cells  remain  fixed  in  the  arterioles  or  capillaries,  the  stoppage  occurring 
in  the  former  when  the  liver-cells  enter  the  circulation  en  tnasse.  At  tlie 
point  of  impaction  their  preseiu^e  can  pi*oduce  a  collection  of  blood-plates 
associated  with  a  hyaline  coagulation,  this  occurrence  taking  place  in 
the  case  of  emboli  foru»ed  of  liver-cells.  The  cells  themselves  do  not 
multiply,  but  may  remain  intact  for  a  certain  leugtli  of  time  (according 
to  Lubarsch,  tliree  weeks)  and  then  gradually  die,  when  the  pi'otoplajsm 
dissolves,  and  tlie  nuclei  swell  or  shrink  and  lose  tlieir  chromatin.  In 
multinuelear  cells  the  dissohnng  is  followed  by  a  clustering  together  of 
the  nuclei. .  The  locality  where  fragments  of  tlironibi,  or  thrombi  wliich 
have  become  detached,  are  arrested  is  detennined  by  the  size  of  these 
masses  and  by  that  of  the  vessel  in  which  tliey  happen  to  be.  Inasmuch 
as  thrombi  can  be  produced  in  the  veins,  in  the  right  heart,  and  in  the 
pulmonary  arteries,  as  well  as  in  tlie  veins  of  the  lung,  ixi  the  left  heart, 
and  in  the  arteries  of  the  body  (see  Section  III.),  it  is  possible  for  emboli 
to  occur  in  any  of  the  arteries  of  the  major  and  minor  circulation ;  and, 
furthermore,  emboli  fretjuently  remain  fixed  at  the  bifurcation  of  the 
arteries,  forming  straddling  emboli  (Fig.  2,  c).  Through  transportation 
in  the  reverse  du"ection  of  the  current,  emboli  may  be  carried  out  of  the 
greater  veins  into  the  lesser.  Defects  in  the  septa  of  the  heart  may  j>ro- 
duce  a  paradoxical  embolism. 

Small  collections  of  debris  from  thrombi,  dead  red  blood-corpuscles 
or  fragments  of  them,  fatty-tlegenerated  and  broken-down  endothelial 
cells,  etc.,  in  the  same  manner  as  happens  to  particles  of  dust,  eithei" 
be<*ome  incorporated  into  the  substance  of  cells  or  renuiin  entirely  free ; 
in  both  of  which  conditions  they  are  quickly  removed  from  the  circxda- 
tiou  and  deposited  in  the  spleen,  the  liver,  and  the  bone-mari*ow,  where 
they  undergo  furtlier  changes  and  are  destroyed.  Nevertheless  the  pro- 
dn<*ts  resulting  from  the  destnietion  of  the  blood  form  colored  and  color- 
less deposits  in  the  organs  mentioned,  and  rtnnain  there  as  such  for  a 
considerable  periml  of  time  (see  Chapter  IX.  of  Section  IV.). 

A  third  group  of  substances  which  produce  metastases  is  composed 
of  living  cells  which  have  originated  in  foci  of  growing  tissues,  and 
are  carried  to  other  organs  through  the  lymphatics  or  through  the 
bli>od- vessels,  into  which  latter  they  find  an  entrance  by  a  direct  rupture 
of  the  walls  of  the  vessel.  This  process  is  observed  when  ii  tumor  de- 
velops in  some  jMtrt  of  the  ])ody ;  and  the  transjmrtatiou  of  living  cells 
from  this  tumor  to  other  spots  in  the  body,  partly  by  way  of  the  lym- 
phatics and  partly  by  way  of  the  blood-vessels,  gives  rise  to  the  fonnation. 
by  a  process  of  proliferation,  of  metastatic  daughter-tumors  (see  Sec- 
tion VII.).  Metastasis  most  freqxiently  occui-s  in  the  natural  direction 
of  the  blood-  and  lymph-streams ;  but  it  may  also  be  effected  by  bitckirattl 
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transporfatiotij  which  explains  how  a  tumor  which  has  broken  into  one  of 
the  larger  veins  of  the  body  produces  daughter-tumors  in  the  region 
drained  by  another  vein.  A  backward  metastasis  is  frequently  seen  in 
the  lymphatic  system,  when  closure  of  one  part  of  the  lymph-channels 
occasions  a  change  in  the  direction  of  the  current. 

As  a  fourth  group  we  may  mention  all  those  processes  which  are 
characterized  by  the  entrance  of  vegetable  and  animal  parasites  into 
the  cii'culation.  If,  under  these  circumstances,  these  organisms  do  not 
find  conditions  suitable  for  their  further  development,  they  are  quickly 
eUminated  from  the  blood-cun-ent  and,  under  the  influence  of  the  meta- 
bohc  changes,  destroyed.  But  if  they  are  able  to  reproduce  themselves 
anywhere,  they  will  lead  to  the  production  of  metastatic  infectious  foci. 
which  are  located  primarily  in  the  vascular  system,  but  may  also  force 
their  way  from  there  into  the  surrounding  tissues.  When  the  invading 
forces  consist  of  bacteria,  the  secondary  infection  will  have  the  same 
character  as  that  of  the  primary  focus  {see  also  Sections  IX.,  X.,  and 
XL).  Should  an  embolus  contain  organisms  which  possess  the  power 
of  inducing  necrosis  of  the  tissues,  inflammation,  and  putrid  decomposi- 
tion, there  wiU  be  produced,  along  with  tlie  emboUsm  and  the  disturb- 
ances in  the  circulation  which  necessarily  accompany  it,  suppuration  and 
sloughing ;  or,  m  other  words,  there  will  be  a  transportation  of  the  very 
same  process  which  ran  its  course  at  the  original  seat  of  infection. 

As  a  fifth  group  of  metastatic  processes  may  be  classed  together  the 
following  pathological  occurrences :  first,  those  cases  in  which  constitu- 
ents of  the  human  t>ody,  having  undergone  solution,  pass  into  the 
circulation,  are  carried  to  some  other  part  of  the  body,  and  are  then 
deposited  in  the  new  location  in  a  solid  form ;  and  second,  those  in 
which  substances  are  taken  up  into  the  body  from  the  outer  world 
in  a  dissolved  condition  and  are  then  deposited  In  the  tissues  in  a 
solid  form.  Most  frequently  it  happens  that  the  coloring-matters  of  the 
bile  are  taken  up  in  solution  into  the  blood  within  the  liver,  are  then 
distributed  to  different  tissues,  and  at  the  same  time  produce  granular 
or  crystalline  deposits  of  hiU-pigmeni.  Not  infrequently,  products  from 
the  desti^tcthn  of  red  blood-corpusdes  undergo  soltttian  in  the  t>Jood-streamy 
and  are  deposited,  in  the  form  of  drops,  granules,  and  eiystals,  in  the 
spleen,  liver,  and  kidneys.  Substanres  derived  from  the  coJoring-matter  of 
the  Wood  in  ho'worrhagie  foci  may  also  be  taken  up  into  the  circulation 
and  distributed  to  various  (»rgans. 

In  rapid  reabsorption  of  portions  of  the  skeleton,  lime-salts  are 
brought  into  solution  in  great  quantities,  and  may  produce  calcareous 
deposits  in  the  mucous  membrane  of  the  lungs,  the  stomach,  or  the 
kidneys.* 

Preparations  of  silver  used  medicinally  for  a  long  time  may  produce 
a  deposit  of  fine  granules  of  silver  of  a  grayish-brown  color  in  various 
organs.  The  tissues  most  frequently  affected  are  the  connective  tissue 
of  the  skin,  the  glomeruli  and  connective  tissue  of  the  meduUarj'  sub- 
stance of  the  kidney,  the  intima  of  the  larger  blood-vessels,  the  adventitia 
of  the  smaller  arteries,  tlie  tissues  in  the  neighborhood  of  the  mucous 
glands,  the  connective  tissues  of  the  intestinal  villi,  the  choroid  plexuses 
of  the  cerebral  ventricles,  and  the  serous  membranes. 

•  The  processes  referred  to  in  this  and  in  the  next  four  unnumbered  para- 
graphs probably  constitute  the  author's  sixth  group. — Translator's  Note. 
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The  fact  that  the  epithelial  tissues  and  the  cerebrum  are  unaffected 
shows  that  there  is  a  selective  tendeucy  exhibited  by  the  tissues,  and 
that  this  selective  tendency  differs  materially  from  that  which  is  seen  in 
the  case  of  a  metastatic  deposit  of  the  corpuscular  elements.  It  is  well 
to  assume  that,  for  this  excretion  and  precipitation  of  substances  in 
solution,  the  chemico-physical  character  and  the  functional  activity  of 
the  tissues  which  come  into  contact  with  the  blood  containing  these 
substances  exert  a  determining  influence  (compare  Chapter  XI.  of  Sec- 
tion n'.). 

If  a  large  amoimt  of  air  gains  entrance  to  the  rij^ht  heart,  as  may 
occur  from  the  wounding  of  a  large  vein  iu  the  neighborhood  of  the 
thoracic  cavity,  or,  which  happens  more  rarely,  from  the  opening  of  the 
veins  (e.g.,  of  the  stomach)  by  an  ulcerative  process,  the  air  mingling 
with  tiie  blood  produces  a  foamy  mass,  which  the  contractions  of  the 
heart  are  scarcelj'  able  to  drive  onward.  In  consequence  of  this,  the  left 
heart  contains  little  or  no  blood,  the  aortic  pressure  falls,  and  the  indi- 
vidual speedily  dies.  Should  the  air  enter  the  right  heart  only  in  slight 
or  in  interrupted  amounts,  air-bubbles  are  formed  which  may  circulate 
through  the  entire  body.  Larger  amounts  sometimes  remain  for  a  time 
in  the  vessels  of  the  major  or  minor  circulation,  cause  their*closure,  and 
give  rise  to  disturbances  of  the  circulation  which  may  in  turn  cause 
disorders  of  the  nervous  and  respiratory  functions.  If  this  condition 
does  not  produce  death,  the  air  is  reabsorbed  after  a  time. 

If  the  lung-tissue  is  ruptured  by  some  traumatism  or  by  violent 
coughing,  ciying,  or  vomiting,  the  air  may  enter  the  connective-tissue 
spaces  and  lymphatics,  and  may  extend  along  these  into  remoter  parts 
of  the  lungs,  into  the  pleura  and  the  mediastinum,  and  even  out  as  far  as 
the  skin,  thus  giving  rise  to  conditions  which  are  termed  emphysema  of 
the  skin,  of  the  subcutaneous  tissues,  of  the  mediastinum,  etc.  Under 
certain  circumstances  the  air  may  spread  throughout  a  considerable  j>or- 
tion  of  the  subcutaneous  l\'mph-chaunel8  and  connective- tissue  spaces, 
and  when  this  happens  the  skin  presents  a  blown-up  appearance,  and  pres- 
sure upon  it  produces  a  crackling  sound. 

Arnold  believes  that  the  lymphatic  glands  form  a  sure  filter  for  dost,  and 
that  metastases  can  only  occur  after  the  rupture  of  a  lymphatic  glaod  into  a 
blood-vessel.  This  opinion,  which  is  supported  by  the  results  of  numerous  ex- 
periments, seems  to  me  to  be  correct  for  all  those  cases  where  the  gland- structure 
IS  still  not  too  much  altered.  I  think,  however,  that  when  the  h-mph-glands 
soften,  from  being  overloaded  with  dost,  they  mav  discharge  dust-containing, 
broken-down  material  throo^^  their  efferent  fvmpaatics. 

As  will  be  shown  later  (compare  Chapter  lEE.  of  Section  ^^.),  it  is  an  invaria- 
ble fact  that  where  foreign  bodies  or  dead  tissue-masses  are  present  in  the  midst 
of  living  tissues,  there  wandering  cells  will  be  sure  to  appear,  and  these,  so  far  as 
is  possible,  take  up  into  their  substance  a  smaller  or  lAr^r  quantity  of  what- 
ever corpuscular  materials  may  happen  to  be  present.  This  material  is  then 
carried  further  on.  especially  to  ibe  lymphatic  vessels  and  lymphatic  glands. 
Very  probably  this  material  is  utilized — so  far  as  it  is  capable  of  being  so  util- 
ized— for  the  nourishment  ofgrowing  tissue-cells.* 

According  to  Siebel  and  Kunkel,  cinnabar  and  indigo  granules  injected  into 
the  blood-stream  of  a  frojEf  are  rapidly  taken  up  bv  the  leucocytes,  and  in  one  or 
two  hours  not  a  granule  is  to  be  fbunil  free  iu  the  blood.    At  the  end  of  twenty- 

•  Zie^ler, "  Exper.  Unters.  iiber  die  Herkunft  der  Tuberkclelemente,"*  Wurz- 
burg,  18^ ;  NiMforoff. "  Cnters.  uber  den  Bau  tmd  die  Entwickelung  des  (iranu- 
lationsgewebes,^  Bdtrdge  von  Zieglery  viii.,  1800. 
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four  hours  the  p-anule-coutainin^  leucocytes  ha\'e  all  pa^d  out  nt  the  cir- 
culation ami  lit*  for  the  most  part  rolled  loirt-tber  In  the  rapillariea,  the  largest 
number  beinjf  found  in  thecajiillnriesof  the  splefii,  liver,  h«»iu>-marT<iw,  and  the 
lungs,  while  lliey  are  fnund  in  .smaller  nuinherH  in  tfie  kidneys,  and  in  utUl  smaller 
numherH  in  Hie  capillaries  <»i'  the  luugs  and  of  the  heart-muscle. 

Alreatiy  at  the  end  of  two  hours  a  few  granule-eontaining  cells  and'  free 
grauules  are  found  in  the  tiasues  outside  of  the  vessels.aud  after  a  few  tlays  they 
have  almost  wnlii'ely  disiippt-jired  from  the  vesseb*.  Tlie  gii^unles  are  then  seen 
partly  in  the  wandering  eellK.  piirtly  in  tlie  fixed  cell8,  as  well  as  in  the  free  cells  of 
i\w  Mph'uic  pulp  (Pontiek)  aru!  of  the  hone-marrow.  They  may  even  still  Iw 
found  in  these  organisms  weeks  afterward  (Hotfniaun,  LfingL-rhans).  Both  in 
frogs  and  in  dt>gs  some  of  the  granule- holding  cells  tlnd  their  way  into  the 
himen  of  the  alveoli  and  bruuchiolea  of  the  lungs,  and  nrethen  diweharged  from 
Ihe  system  by  tliese  channels.  In  n  short  time  after  the  iujeeti<m  a  large  jKttiiou 
t»f  the  granules  of  coltH-ing-matttT  are  found  ailliering  lo  the  endothelial  celLs  of 
the  hepatic  enpillaries.  while  a  second  portion  are  found  in  the  leucocytes,  which 
later  on  escape  fi*om  the  vessels  into  tlie  tissues.  From  this  point  many  of  them 
managt»  to  enter  the  lymphatics  of  the  liver  and  then  ultimately  reach  tJie 
lymph -glands.  Finally,  a  portion  of  the  granules  are  cast  out  witli  the  bile,  but 
by  what  course  they  manajre  lo  enter  this  Uuid  is  not  known.  In  dogs  the  pig- 
ment granules  also  collect  bi  the  tonsils,  and  are  carried  by  the  leucocytes,  into 
which  they  penetrate,  through  the  epithelial  coverincr  to  tlie  outer  surface. 

According  to  experiments  made  on  animals  by  Fltigge  and  Wyssokowitech,* 
noH-puthotfenic  bacUria  introduced  into  the  bliK»d-.stream  disappear  ra})idly.  while 
pntluHjnuc  varieties  at  first  diminish  rapidly  in  numbers,  but  later  increas**  again 
gradually.  When  the  tissues  are  liealthy,  excretion  through  the  kidneys  does 
not  take  place.  The  non-pathogenic  bacteria  are  collected  in  the  liver,  the 
spleen,  and  the  bonc-raarrow,  and  are  quickly  destroyed.  Spores,  on  the  other 
hand,  may  remain  active  for  days  and  even  tor  months. 

111.  l.ocal  and  General  Diseases,  and  their  Relations  to  One  Another. 
— Intoxication  after  Infection,  and  Auto-intoxication. — Injurious 
Effects  of  Diseases  of  One  Orj^an  on  Other  Organs,  and  on  the 
General  Organism. — Diseases  Caused  by  the  Withdrawal  of  the 
Functions  of  Certain  Glands. 


§  19.  If  n  local  lissiie-ehniige  is  caused  by  any  injurious  influeuee,  a 
local  or  organic  disease  will  (H'<'nr,  which  is  a4:coni]mtiied  by  a  disturb- 
uncc  of  funrtiiiti  of  (lie  nffecled  jmrt  or  organ.  If  the  iiijuriinis  inflnenee 
was  exerted  from  witlioiit.  the  sent  <if  the  disease  will  usnnlly  be  finind 
at  some  .s|M)t  wbieh  is  easily  accessible  fi'oiu  without.  If,  however,  metas- 
tases Imve  ulreudy  (H-eunvd,  tht'ii  utlier  orgiiiis  or  parts  <if  organs  will 
be  found  altered  til  the  sjuiie  time,  and  we  iiniy  say,  in  siH'b  ft  ease,  that 
a  disease  with  untltipU  iontfiz»ttiitns  lias  developed.  If  the  injurious  »igi*nt 
finds  its  way  into  tlie  juices  of  the  body,  withont  causing  any  noticeable 
changes  at  its  point  of  entrance,  although  inside  the  ImkIv  it  induced 
locjil  alterntinns,  we  may  speak  of  the  (foudition  as  a  fifiHpfuMffitomt  or 
hrmafotjenous  iftspHftt;  occumng  only  at  a  single  spot  or  appearing  at 
several  sp<tts.  and  iuvcdving  either  ii  deej>-sent*'d  or  a  sn]M'rlleitd  organ. 
or  pait  iif  an  orgati,  as  the  ease  nniy  b<-. 

If  the  injurious  substance  taken  into  the  system,  as  happens  in  the 
cose  of  inniiy  poisons,  is  cjirried  chiefly  to  the  secreting  organ.s  the  kid- 
neys and  the  liver,  and  eventually  also  to  the  intestine,  one  may  properly 
speak  of  the  organJo  trouble  which  originates  in  this  manner  as  an  ejcre- 
tonj  disease. 

•  ZeiUchhfi  fur  Uygiene^  i. 
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All  local  diseiiwrs  are  charactorized  first  by  a  disturbance  of  the  func- 
tion of  the  orffiiii  ntUckiMl,  and  this  ilistnrbfttire,  if  it  bf*  of  siifflrieiit 
force  and  extent,  will  make  itself  known  eliiiirully.  An  int**stiiial  dis>- 
p^ise  eaused  ity  the  iuirestion  of  4'anstie  putHons.  or  by  tiie  si>irilin  of 
cholera,  or  l\v  any  other  harmful  intliiencr,  leads  to  u  train  of  snUjeetivc 
anil  objei'ti\»'  ]»;i!in>Ioj;ieal  wymjtlijins,  which,  thron^Ii  Itii-ir  peeuli unties, 
)>oint  t*»  the  huwd  as  the  seat  *iif  the  trouble.  If  agents  eupublr  4if  jjiv- 
infT  rise  to  intlaniinatiou  ai'e  broufrht  tn  the  brain  or  to  the  lieart.  and 
if  they  excite  in  tlie  one  or  the  other  of  tliose  L»r^ans  an  aetnal  intlani- 
raatioD,  thei*e  will  appear  eliHracteristie  disturbances  of  tlie  fmirlion  of 
whichever  one  of  these  two  itr^ans  is  intiamed.  If  poisonous  substauccK 
are  excreted  by  the  kidneys,  and  if,  in  passing  thnm^'h,  they  nijnre  the 
excretory  cells,  patholojfical  by-prodncts  will  ap]H  tir  at  llic  same  time  iu 
the  nrine,  and  the  cxpciieucc<l  pliysician  will  be  able  to  Jiidjr'*  the  nature 
of  tlic  diseased  process  ^oiug  ou  iu  the  kitlney  from  tlie  elianijes  observed 
by  him  in  the  urine. 

Many  <liseases  which  coninieuce  as  loealized  affectifms  retain  this 
eharactei"  tbronpliont  their  whole  course ;  and  this  may  be  true  tmt  only 
of  those  which  cml  in  recovery,  bul  also  of  tln>se  which  end  in  death. 
Very  often,  thimgh,  a  certain  genendizntion  of  the  disease  takes  phue, 
or  at  all  events  oilier  orpins  lieconie  inv()lvcd,  so  that  very  coinniniily 
the  pictuiv  of  disea.se  presf'Uted  i.s  one  of  a  more  e*vnipiicated  chariicter 
thnu  that  pn'S«'nted  by  a  purely  localized  affection;  in  a  w(»rd,  tlic  nial- 
atiy  presents  the  chui-aeter  of  a  general  disease  or  of  a  disease  involv- 
ing various  organs. 

The  effect  of  diseased  organs  upon  oilier  organs  and  upon  the 
organism  as  a  whole  varies  greatly  at  different  times,  and  it  is  not 
alwavs  an  easy  nialtei" — indeed,  at  times  it  is  im|KissibIe — to  explain  the 
relationship  Itetween  the  secondnry  pbenttnn-na  and  those  which  belong 
to  the  primary  <!isense.  If  one  eunsider^i  the  exjHTience  ^mined  from  the 
study  of  metastasis  (§§  17,  1-^J  and  fmni  tlic  oliscrvution  of  the  effeds  of 
poisons  (§§  0-11).  nne  cannot  avuid  tlie  eouelusion  that  oitc  i*f  the  most 
important  and  iriost  fn-ipictit  priM-csses  chnracterizintr  tlH-  freni-nilization 
of  the  pheuonn^na  of  diseawe  is  U>  be  found  in  the  fact  that  tlie  devekip- 
ment  of  synqitoms  of  disease  in  (*thcr  orpins  owes  its  origin  tn  the  ni- 
iraitce  info  the  h/mph  ainf  the  hlotnJ,  uot  tmly  of  rorpnsruhir  siihsfaucfs,  but 
iiho  of  fmnnjul  r/umirttl  umttrifiis  ht  a  stttft'  of  soinfinu,  ]xAh  of  these  pro- 
duct* coming  fnun  the  on^inal  htcal  f<K'i  t»f  disea.M'.  We  have  already, 
when  siM*akinpr  of  the  infc<-ti<»us  disea.'ses  [^  14),  <'nllcd  attention  to  this 
reabsorption  of  poisonous  substances,  and  A^e  here  reiK*at  the  state- 
ment that  these  intoxications  in  infectious  diseases  constitute  an 
extremely  important  feature  of  tli<^  entire  morbid  process.  It  is  by  the 
action  of  these  poisons  u^xm  the  central  nervous  system  that  a  discjwe 
veceivefi  a  certain  st^imj:! — I'ccojnnziMl  by  the  patient  tlirouph  his  subjec- 
tive symptoms,  and  by  the  ]diysieian  throupli  ]iis  jiowers  of  obsen'ation 
—which  establishes  its  ciiaracter  as  a  ^■ene^a]  or  cimslilutional  afTection. 
And  then,  besides,  other  iir^jfanie  diseases — for  instance,  ]>rttIudojri(ud 
ahirations  of  the  heart,  of  tlie  nHis{*les.  of  the  glands,  and  jiartienlMrly 
of  the  kidneys— owe  their  existeiiee  t<t  this  same  delelerions  influence, 
for  these  poiwois  atfi'ct  injnrionsly  the  pa?*cnehynm-cells  <d'  tJiese  orpins 
nnd  even  the  endothelial  cells  of  capillanes. 

In  infectious  diseases  these  poisotin  owe  their  origin  to  tbe  destruc- 
tiou  of  the  tissue-elementK  especially  of  nlbiunirouH  iMKlies,  thnmgh  the 
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instruuieiitality  of  the.ooiistaiitly  multiiJyin^  paniKites;  f*v  tlio  jK>iHO!»ft 
are  serrt'ted  l»y  tlm  imrHsitcs  tlifiiist'lveis,  imd  an'  *xnise4|nenlly  the  pro- 
ductof  metabolic  ('hanges  which  aiv  entirely  foreign  to  the  heuUhy  hmnim 
IkxIv.  This,  liowever,  is  not  tlie  mily  itietlHKi  (»f  ixiisouin^.  T!iere  are 
coustaiitly  fjoiug  on  in  the  hody,  inn]er  entirely  normal  eomlitions,  cer- 
taiu  metalxtlie  piveeKiW-'S  that  yielil  products  wliieh.  if  aeeuniulated  in 
lai-ge  quantities  in  the  body,  are  oapabh-  of  giving  ri.^e  to  cUsiase.  Iiias- 
mueh  as  the  organism,  without  any  outsiile  assistance,  is  capable,  through 
these  nietiibolie  processes  which  take  i>hu'e  in  its  interii>r.  of  producing 
such  poisonous  nmteri:j1s,  we  may  with  propriety  designate  tliesc  jioison- 
ings  as  auto-intoxications. 

As  a  rule,  auto-intoxications  owe  their  origin  to  the  eii*cimistanee 
that  8ome  disturbance  occurs  in  the  relations  existing  between  tlie  fonna- 
tion  and  tlie  destructiitn  or  excretion  of  the  liannful  products  of  metal), 
olism,  this  disturbance  resulting  iu  the  aecumulatiitn  of  tliese  ]>rodnets  iu 
the  tissues  or  in  the  blood.  The  commonest  form  of  this  distiu'bnneo  in 
the  relations  under  consideration  is  that  in  which  the  removal  of  the 
products  of  metabolism  is  hinth'red  or  rendered  more  diflieult.  Wfien 
this  is  the  ca^^e  the  iutoxicatitm  inny  be  called  a  yttt^ntiou-distnftfi  ;  and  yet 
the  cause  in  sneh  a  case  may  also  be  an  excessive  iut-vensif  in  proihtrtiou. 

If  the  poisonous  jiroduets  residltug  from  the  deeomiK>siti<'n  of  albu- 
min an*  retained  iu  tlie  intestine,  oi-  if  tliey  are  formed  there  in  ribnornial 
quantities,  tliey  may  produce  either  hical  changes  or  genend  intoxica- 
tion, Kor  exaitipli*.  under  the  iufbience  of  the  Imt'teria  id"  the  intestine 
they  may  produci*  sulphuretted  bydi*<)geu  from  the  sulphur  of  the  albu- 
minous biHltes  in  such  birge  amounts  that  it  will  find  its  way  into  the 
blood,  and  the  Iireiith  wdl  smell  of  it.  or  it  may  be  (U'leeted  in  llie  urine. 

If  tlie  fnni'lion  of  the  kidney  is  so  mmdi  interfered  with  that  the 
uniti'Hals  destined  for  tlie  urine  are  insulficiently  exeretcil,  the  resulting 
retention  *A'  lliese  nuderials  may  indu<'e  a  cnnrlition  of  pnisiuiiiig  eharae- 
terized  by  iL  eonuitose  e*indition,  with  eouxiilsions  and  disturbauee  of  the 
i-espiration,  the  whole  pietuiv  being  designated  Htamia.  Ae<*ording  to 
von  Lindieok,  the  ivtainetl  substances  act  like  a  iiarcotie.  and  the  nar- 
cosis eomniences  with  dulness  of  pi-rception  and  sleeplessness.  Fleischer 
l)elieves  that  the  poisiming  causes  an  irritatio!!  nf  the  vaso-niotor  centime, 
and  that  as  a  result  of  this  imtation  a  spasni  of  the  Idood-vessels  is  pi'o- 
dueed.  which  in  tuni  causes  a  high  gi*ade  of  cerebral  anaemia.  It  hua 
not  yet  been  deterniine<l  whether  the  cause  of  the  intoxieatiim  is  a  single 
substance  or  a  number  of  substances,  or  the  products  of  I  he  dceoniposi- 
tion  ttf  some  retainetl  substance. 

If  the  nomtal  dis<'hargc  of  bile  from  the  liver  is  hindered  bv  any 
pathological  condition  within  tlie  duets  or  within  the  liver  itself,  the 
constituents  of  the  bile  ai-e  taken  up  into  the  bhiod.  and  the  condition 
tenned  rholctmUt  is  i>rothiced.  Tlie  bile-e^dftring  nmtter.  as  well  as  the 
salts  of  the  bile-acids,  are  absiirlieii  by  llie  bliMul,  and  their  presence 
causes  general  fatigue,  ill  liumor.  ceivbral  exhaustion,  desu*e  to  sleep, 
slowness  of  the  judse-rate,  itching  of  the  skin,  and  abnormal  conditions 
of  heariug  and  taste.  These  etTects  on  the  lieart.  the  muscles,  and  the 
centnil  nervous  system  are  to  Iw  ascrilied  to  the  biU^-salts.  which  at  the 
same  time  exert  a  solvent  eifeet  nixm  the  red  blood-eorjiuseles. 

The  absoii»tion  of  a  part  of  the  contents  of  the  bowel,  or  of  iirinniT 
ingredients,  or  (if  the  constituents  of  bile,  into  the  lymjih  or  the  bbxHi, 
and  their  tmnsff'ivnce  to  various  ti8^ue8,  constitute  the  chief  foundation 
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of  aiito-inU»xicatioiis.  There  are  other  substances,  liowever,  wliicb  orig. 
ioate  in  the  l)o<ly  without  the  aid  of  iufe^'tiou.  aud  wliieh  may  also  exert 
ft  deleterittns  iuttuem-e.  Thus,  for  exanijile,  the  rrahsoiiitinn  into  the 
cirnilatioti,  and  t!ie  transportation  to  other  h»calitifs  in  tlu*  l)o<ly,  of  the 
ri'mainsof  lirokeu-dowu  tissues  and  disorfjauized  liloud  produee  not  only 
local  disturbatiees.  but  also  symptoms  iudieative  of  u  ^fuenil  disorder — 
such,  for  example,  as  fever  (aseptic  fever) ;  and  in  seeking  f<tr  the  rauses 
of  this  deleteriiius  inilnenee  we  are  obli^d  to  assume  that  they  eunsist 
JTi  part  nf  tlie  unfrfrmcd  ft^nneuts  or  enzyms  which  develop  in  the  tissues, 
and  in  part  of  the  jirodnets  of  metamorphosis  which  result  frcmi  fenneu- 
tatiou,  and  al«o  in  a  tnea8iu*e  from  some  induenee  exei-t«d  by  the  lix-ing 
tissxie-eells. 

The  term  auto-intoxication  is  not  used  with  the  same  signification  by  all 
authors,  for  many  give  to  it  a  br<iader  nieaninjjf  than  has  be^n  givfn  to  it  iu  the 
precedinfj:  para^'uphs  :  some  even  going*  so  far  as  to  iufluUe  ainoii{;  the  auto- 
intoxications tlif  puisoiiiiigs  wliidi  art*  caused  by  patho(reuic!  bactfria.  In  favor 
of  tbis  inbfrort^tntion  of  the  U'vm  llie  argument  may  be  advanced  that  the 
poisons  thus  developed  also  emanate  largely  from  conatituetitaof  the  body.  But 
it  soenis  to  me  tluit  t>ueh  an  extension  of  our  idea  of  what  the  term  auto-intoxi^ 
eatioti  should  include  Ls  iiot  uaot'ul  or  ndvi^uihlc ;  for,  after  all.  the  primary 
cause  of  the  chemical  changes  underlying  the  production  of  the  poison  does  not 
reside  within  the  body  itself,  but  enters  it  from  witliout  ;  or,  in  other  word§,  the 
poisoning  cannot  take  phtce  without  a  preWouB  infection.  For  these  reasons  it 
seems  to  me  more  correct  to  applv  the  name  auto-intorication  only  to  those 
caaes  of  poisoning  which  art*  caused  by  tlie  products  of  mctaboiism  within  the 
body— a  metabolism  brought  about  eitlier  by  the  influence  of  the  apti\'i!y  of  the 
cells  of  tlie  organi-sni,  or  by  the  activity,  witiiin  the  orgunism  (in  the  intcBtine, 
for  instance),  of  the  non-pnthogt^uic  bacteria,  wliich  are  always  normally 
present. 

Chronic  dirteascrt.  which  seem  to  consist  in  the  disturbance  of  most  of  the 
functions  of  the  ovgnni.sm,  are  ver>'  often  grouped  together  under  the  name  of 
constitutional  diseases.  Samuel  includes  among  conHtitutional  dijieaHCs,  last- 
ing anomalies  of  tlie  blood,  of  the  Ivmph-ghinds,  and  of  the  nerve-substance 
(neuropathic  predisposition),  ra<'hiti(«,  osteotualacia,  mxdtiple  exostoses,  weak 
condition  of  the  iiuiseles,  relaxed  articular  li^mcnts,  etc.  Hoffnuvnn  •  describes, 
under  this  heading,  auannias,  hiemoiTlingic  <liathchis  (hK'moj>hiliB),  hffmoglo- 
bina'mia.  rachitis,  osleomalncia,  chronic  rhomnatism.  progressive  ossir\'ing  my- 
ositis, multiple  exostoses,  obesitv,  gout,  diabetics  rnellitns,  diabetes  insipidus,  and 
Addison's  disease.  Notliimgel.  m  his  **  Hiuniibook  of  S]>ectHl  l^athology,""  under 
the  heading  of  constitutional  diseases,  leaves  out  the  blood-diseases  and  only 
includes  rachitis,  osteomahxcia,  gout,  oliesity,  chronic  rheumatism,  arthritis  de- 
formans, diabetes  meliitus,  and  diabetes  insipidus.  From  these  examples  one 
can  see  dearly  enough  that  tlie  ideas  in  re^rd  to  what  conditions  should  be 
eUused  as  constitutional  diseases  arc  very  different.  Ln  the  case  of  the  above- 
named  tliseases  we  are  really  not  dealing  with  constitutional  anomalies,  but  with 
the  se<pielH'  of  anomalies  or  diseases  of  certain  tissues,  s4>  thai  the  term  cnn- 
gtiiutiortnl  (Ufieaae  is  very  frecmeutly  misused.  Obesity  and  gout  come  nearest 
to  meritinc  the  designation  or  constitutional  diseases. 

Aceoraing  to  Bouchard,  auto  intoxications  an*  caused  particularly  by  leuco- 
maines — that  is,  by  the  products  of  beginning  retrogressive  metamorphosis  of 
the  albuminous  materials,  whieb,  under  normal  circumstances,  through  the 
action  of  intra -orptnic  oxiiiation,  are  used  up  in  the  formation  of  urea,  and  are 
then  expelled.  According  to  this  view,  auto-intoxications  occur  in  diseases 
which  are  characterized  by  diminished  oxidation  energ>'— as,  for  example,  in 
gout,  rheumatism,  many  infectious  disea»;es,  chronic  constipation,  uramiia,  dia- 
betes, and  many  ucr\'e-'diseases.    According  to  Poehl,  the  ferment  which  keeps 

•  "  Lehrbnch  der  Constitution skrnnkheiten,"  Stuttgart,  1894. 
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the  oxidatinn  pmcesses  of  the  body  at  normal  height  is  spermin.  a  base  which  is 
found  in  a  vanely  of  glands— the  pancreas,  the  th>Toid  gland,  the  testicles^  etc 


§  20.  The  integrity  aiul  nonnal  fimctionnl  ftcti\it^'  of  niauy  orfrans 
arp  <h?i>f!idenl  in  a  jnviit  nica-sure  uiMm  the  maintenance  of  the  nonnal 
funeti»*u  of  other  or^ns,  and  it  is  necessarx*  for  tlie  preservation  of  the. 
ijorinal  eondition  of  the  entire  organism  tliat  the  indi\*idnal  organs 
maint-iiin  their  proper  functions.  The  general  orjranism  cannot  l»e  de- 
prived of  the  fiinetioH  of  many  of  the  iudix-idual  organs  for  any  length 
of  time.  In  eousequeuce  of  this  intA'rdej>endence  of  the  individual 
organs  ver>fref|uently  the  altered  function  of  one  orjcan — I'ven  thoofrh 
uo  afitual  intoxication  he  produced  Ity  the  <listurKnnce — has  a  preju- 
dicial influence  on  other  organs*  or  even  may  threaten  the  entire 
system. 

The  dejiendenee  of  one  organ  upon  another  is  shown  in  an  et«'peeially 
striking  manner  in  their  relation  to  the  vascular  system  and  the  blood. 

The  vascular  syst^'m  and  its  contained  l)loo<l  have  i*eIations  to  all  tlie 
tissues,  and  accortlingly  tliminution  in  t/ttuntiftf  and  diseiiseg  of  the  hlood., 
us  well  us  /HifhtlfHjirnf  nlttrafious  of  th*  hlof»l.fesii*'ls,  very  often  priHluce 
diseased  conditions  in  this  or  that  tissne,  or  even  in  the  entii'e  lx>dy.  If 
the  amount  of  tm'Uioglolnn  in  the  Idooil  is  diniinislicd  by  a  dci^rease  iu 
the  inuiiber  of  re<l  blood -corpuscles  (olig(X'>*tha*inia).  or  by  some  jMitho- 
logical  elifluge  in  the  co!i>usch*s  themsehcs,  or.  flimlly,  if  tiie  hrt-moglobin 
be  made,  by  the  action  of  c^irbon  monoxide  (§  10),  in  a  mea>iure  incapable 
of  taking  up  tlie  oxygen  from  tlie  air,  the  normal  amount  of  oxygen 
would  no  longer  l>e  cnrrie<l  to  the  fis.sTies  of  the  body.  (.V>nse(]uentJy, 
if  the  amount  i>f  oxyg*'n  conveyed  (o  the  tissues,  under  the  circinnstjinees 
just  state<],  sinks  below  a  cert-uin  point,  deficient  nutrition  and  its  atten- 
dant fatty  degeneration  will  resiut;  in  fact,  in  exceptional  cases,  this 
deficiency  of  oxygen  may  produce  death,  by  causing  a  panilysis  of  the 
uerve-centrt*s. 

Shoid<l  the  arteries  Ik*  closed  by  thromhi  or  emboli  (compare  §  17  and 
Seotifrti  111.),  or  narrowe^l  or  nctiially  closed  by  tliirktnitifj  nf  thtir  tntlh, 
R»  happens  in  the  arterial  disease  known  as  (tritrioscitro.'ti.f  (see  Swtion 
II.  of  Special  Pathological  Anatomy),  tlie  regions  supplied  by  the  arteries 
thus  affecte<i  lH*come  the  sent  of  local  deficiencies  in  nutrition  and  in  ox>*- 
gen-snpply.  **i  hirfilu.*<phtfxiti.  and.  later,  of  tityfnerttticf  prorfsiteit  which  very 
fntjuenlly  end  in  the  deatli  of  the  tissue  involve<l,  and  sometimes  alstf 
of  the  connective-tissue  framework  of  the  organ. 

In  the  cerebrum  and  sjunal  rord  the  alterations  in  the  blf»od-ves.sel» 
tend  to  |»riMluce  isclnemic  softening  prrwesscs  (sec  Section  IV.),  which 
frequently  cause  ])aralyses.  and  Udt  infn'<[ueutly  end  in  death.  In  the 
hearty  the  eJmnp's  in  llie  veswls  pn^duce  diffus**  fatty  degiaii-ration,  or 
hwal  8<>fteniug  of  the  heaii-musele.  as  a  result  of  which  tlie  fimetion  of 
this  organ  is  distiirlx'd,  or  it  may  even  l>ecome  entirely  insnflfleient.  In 
the  kidney  the  s<'Oreting  glandnlar  paivnchvma.  together  with  a  iMirtion 
of  the  coiine<'tive  tissue,  undergoes  necrosijs  and  atrophy,  and  the  loss  of 
these  subsl^mces  pi*oduees  local  or  wide-spi-ead  shriiikings  which  are  ealletl, 
accortling  to  their  size,  embolic  and  arteriosclerotic  atrophies. 

In  the  sttmiach  iwha'niia  of  the  mucous  membrane  prinluces  h»cal 
ulcerations :  in  the  liver  and  in  the  muscles  it  induces  atnjphy  ;  iu  short, 
no  tissue  can  withstand  tlie  ctTeets  of  a  longstanding  bhx>dlessness  or 
poverty  of  the  blootl.    Conse*|uently,  narrowing  or  eloging  of  the  arteries 
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by  flotn  or  by  clinnpf'S  in  their  walls  playi*  an  exceedinjriy  iniportttnt 
part  ill  patholoj^y.  and  is  not  only  the  cause  of  fiufimir  nifrroses  (see  Sec- 
tion IV.)  and  hamorrhnijir  htfurcts  (see  Swtion  III.),  )>tU  also  of  uiiiiiher- 
if^fis  protjt'tvMifv  ortjitnii'  (ttrophits.  In  tin*  pivxliK'tion  of  t>rj;:anie  att'0]]hieH 
artt'ri<»sclerosis  poHsenseH  a  prominent  signifit-auoe,  yinee  it  is  a  very 
friM[Htrnt  disease  witli  the  aged,  result  ing  in  tissiie-dej(ene!'atif>n  in  various 
orfjans.  As  a  result  of  these  degenei'fttive  proeesses,  most  r»f  tlie  orgnus 
atlaeited  etmtuin  at  a  later  date  cicatrized  patches,  in  vvlneli  the  specitic 
tissue  Las  disappeared,  while  the  connective  tissue  is  inerensed. 

The  wtive  partieipnti4in  of  the  vaseuhir  apparatus  in  all  injliimmntof^ii 
processes  (see  Section  VI,),  tlie  tlistnrbtiiivt's  of  the  cirrnlfifion  through 
alteration  in  tlie  hlond-vi-ssc!  wjjIIs,  tlie  disphtremfHts  toul  chumjiug  of  (hf 
eascuhif  rhuuntls  wliirli  re.stdt  in  part  from  the  chsimj  of  ohl  rexgtls  by 
])rolifeniiin(/  vnthttbelial  rtHs  or  hi/  thr<nuh\,  and  in  part  from  the  ,/yrHi«- 
ihn  of  m'le  vessfls,  make  it  a]t[>ear  eomi>rehensil>le  li(»w  in  all  chronic 
intlaniiuatious  the  speeirte  eills,  drprived  of  repihir  nutritinn.  undergo 
degeneration,  and  frequently  become  i-ephu-ed,  but  only  to  a  liuiit*»d 
extent,  by  eonueetive  tissue.  The  ch!*onie  iutlainmatious  of  glandular 
stmr'tures  make  this  verv  apj>aro:it,  for  in  these  »*rgaus  pi-oliferation  of 
tlie  emUttheliiU  cells  of  the  hkK»d-vesseIs  often  results  in  oliliteration  of 
their  luniiua. 

If  iliei-e  is  a  profuse  wat^^rj'  discharge  from  the  iuiestitteft  the  body 
will  sulTer  for  laek  of  water;  and  if  stenosis  of  the  a^sophagus  dv  of  the 
pyhirns  jirnvents  the  intestinal  traet  from  habitually  receiving  suflieient 
food,  or  if  the  stomaeh  and  the  intestine  are  nu  longer  n)t\v  to  digest  the 
alimentary  materials  wliieh  jn-e  brought  to  thcni,  and  afterward  to  carry 
them  along  into  the  juices  of  the  body,  the  organism  as  a  whole  will  be 
made  ]n>orer  in  allnnniii  and  fat. 

If  tlie  hettrf  is  unulde  to  drive  out  ^*ith  uonnal  vigor  the  contained 
blood,  evitleuces  (»f  venous  stasia  ivlll  sliow  themselves  in  the  moi-e 
i*emotely  sitimteil  organs.  If  the  respinttion  is  iriipeded,  or  in  any  way 
rendered  ini}HTfeet,  tlie  eoniposition  i>f  the  blood  will  undergo  altera- 
tions. A  collection  of  tluid  in  the  thorjieic  cavity  results  in  compression 
of  the  lung;  interferen<-e  with  expimtion  while  iuspirati<m  remains  ]>er- 
feeily  free  gives  rise  to  distention,  and,  later  on,  to  atrophy  of  the  lung. 
If  a  iMirtiou  of  the  inmj  has  been  rendered  useless  by  a  chronic  intlam- 
matory  process,  the  inspirat»irv  <listention  of  the  thonix  acts  only  upon 
that  portion  of  the  lung  wliieh  is  funetionally  active.  Tlie  effect  of 
this  is  to  pn>duce  tirst  an  ovHrdir>teiitiou  of  this  part  of  the  lung,  and 
eventually  a  condition  of  atrophy  due  to  the  abnornnil  stretching  of  the 
tissues. 

By  inci-easc  in  the  hIzc  of  the  Hi'er  eomprcssion  is  exerted  ujvon  neigh- 
boring orgaus ;  diseases  of  the  pan^iiehyma  of  the  liver  are  often  followed 
by  disturbanees  in  the  eirenlation  of  blood  through  the  organ,  and  at 
the  same  time  by  stasis  in  the  area  of  distribution  of  the  portal  vein, 
together  witli  abdomimit  dropsy. 

Preventi4)n  (*f  the  oiittlow  of  uritip  from  the  ureters  retards  the  secre- 
tion of  urine  and  leails  to  atrophy  of  the  kidney.  A  large  excretion  of 
albumin  in  the  urine  pnnluecs  a  diminutiou  *)f  the  albumin  in  tlie  body. 
Till'  destnu-tioii  of  large  jKirtions  of  the  p:irenehynia  of  the  kidney  is 
folbiwed  by  incivascd  ai-terial  pressure  in  the  aort^,  incix-ase  in  the 
heart's  action,  and  hypertrophy  of  that  organ. 

An  increased  resistance  in  the  pidmoiiury  cimtUtHoH,  on  account  of  difi- 
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ease  of  the  lungs,  is  often  followed  by  dilatation  and  hypertropliy  of  the 
right  side  of  the  heart.  Obstacles  at  the  aortic  opening  which  interfere 
with  the  emptying  of  blood  from  the  left  chamber  lead  to  hypertrophy 
of  the  left  ventricle.  Stenosis  and  insufficiency  of  the  mitral  orific'e 
cause  backward  pressure  of  the  blood  in  the  direction  of  the  right  heart. 
This  influence  may  be  counterbalanced  by  a  hypertrophy  of  the  right 
ventricle,  or,  if  this  compensation  fails,  the  back  pressure  exerts  its 
influence  upon  the  veins  of  the  major  circulation. 

An  oblique  position  of  the  pelvis  produces  curvature  of  the  spine. 
Stiffness  of  a  joint  and  inability  to  use  it  produce  atrophy  of  the  sur- 
rounding muscles,  this  atrophy  being  due  to  inactivity. 

IMseases  of  the  nervous  system  may  give  rise  to  functional  derange- 
ments and  anatomical  changes  in  every  organ  of  the  body — in  glands, 
muscles,  skin,  bones,  lungs,  heart,  intestines,  etc.  These  changes  ai-e 
due  in  part  to  an  increase,  in  part  to  a  diminution  or  even  an  arrest,  of 
nervous  impulses ;  they  ai^  also  due  to  disturbances  in  the  circulation, 
and  perhaps  also  to  the  withdrawal  of  trophic  nerve-influence  upon 
which  the  tissues  are  dependent  for  their  nutriment.  Destruction  of  the 
large  ganglionic  cells  in  the  anterior  gray  horns  of  the  spinal  cord  pro- 
duces atrophy  of  the  corresponding  peripheral  nerves  and  the  muscles 
supplied  by  them.  Paralyzed  extremities  become  atrophied.  Diseased 
conditions  in  the  region  of  the  respimtory  and  vasculai*  centres  induce 
disturbances  of  the  functions  controlled  by  these  centres.  Injuries  of 
certain  portions  of  the  medulla  oblongata,  concussions  of  the  brain  and 
spinal  cord,  the  pi-esence  of  tumoi's  in  the  bi^in,  psychical  affections, 
and  poisonings  of  the  nervous  system,  cause,  under  certain  circum- 
stances, flrst  a  rapid  absorption  of  the  hepatic  glycogen  into  the  blood, 
and  then  a  secretion  of  a  saccharine  uiine.  .  Imtation  of  the  periph- 
eral nerves  may  produce  abnormal  i*eflex  sensations  and  movements,  as 
well  as  cii'culatory  disturbances,  in  other  parts  of  the  body.  Paralysis 
of  both  vagi,  or  of  the  branches  which  are  given  off  by  them,  and  which 
are  called  the  recurrent  laryngeal  nerves,  may  be  brouglit  abotit  by  in- 
flammatory processes  or  by  pressure  on  the  part  of  neighboring  lymph- 
glands,  etc. ;  and  the  condition  is  one  which  may  be  followed  by  inflam- 
mation of  the  lungs,  by  reason  of  the  fact  that  the  accompanjnng  paral- 
j'sis  of  the  laryngeal  muscles  pennits  the  entrance  of  foreign  substances 
into  the  lung  during  inspiration.  Diseased  conditions  of  the  cutaneoxis 
nerves  may  cause  the  fonnation  of  inflammatoiy  vesicles  (herpes  zoster), 
or  even  ulceration  of  the  skin  itself. 

The  trophoneurotic  diseases  of  the  tissues  are  mentioned  in  the  main  text  only 
cursorily,  and  their  occurrence  is  set  forth  as  only  a  possibility.  This  is  done  foV 
the  reason  that  the  relations  of  the  trophic  nerve-system  to  the  individual  tissues 
are  still  imperfectly  understood,  and  the  opinions  of  different  authors  vary 
creatly  in  regard  to  tlie  dependence  of  tlie  tissues  upon  the  nervous  system. 
Many  authors  ascribe  to  tlie  trophic  action  of  the  nervous  system  a  far-reaching 
influence  on  the  various  diseased  conditions  to  which  tlie  tissues  are  liable,  and 
attribute  to  the  motor,  secretoiy,  sentient,  sensoiy,  and  reflex  nerves  the  power 
of  estabhshing  the  necessary  connection  with  the  nerve-centres.  Others  attrib- 
ute the  same  power  to  special  trophic  nerves.  Thus,  for  instance,  muscular 
atrophy,  glandnlar  atrophy,  bone-  and  joint-atrophies  (especially  tabes ;  com- 
pare the  section  relating  to  the  pathological  anatomy  of  the  joints),  diverse 
diseased  conditions  of  the  skin  characterized  by  thinning,  exfohation  of  the 
epithelium,  loss  of  hair,  inflammation,  etc.,  unilateral  tissue-atrophies,  certain 
forms  of  degeneration  of  the  heart  and  also  hypertrophic  growths  of  the  muscles, 
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the  glauds,  the  skin,  the  bones,  etc.,  all  ai-e  attributed  to  affections  of  the 
nerves. 

It  is  not  to  be  questioned  that,  as  the  result  of  disturbances  of  innervation, 
there  are  produced  both  degenerative  and  hypertrophic  tissue-changes  and  in- 
flammations ;  but  most  prol^bly  Uiese  are  dependent  not  upon  a  conmtion  of  the 
tissues  caused  by  the  removal  of  or  change  in  nerve-influence,  but  much  more  upon 
the  increased  or  decreased  functional  activity  of  the  tissues,  or  upon  injury  or 
inflammation  and  disturbances  in  circulation  which  have  developea  coincidently 
with  the  disturbances  of  innervation.  An  example  of  this  is  seen  in  the  tissue- 
disturbances  which  ai-e  observed  when  the  affected  parts  lose  their  sensibility. 

Many  draw  their  conclusions  as  to  tlie  trophic  influence  of  the  nervous 
system  upon  certain  organs  from  the  fact  that  the  development  of  the  body  in 
many  respects  is  dependent  upon  a  full  development  of  the  sexual  organs.  Later 
observations  ou  the  actiou  of  injections  of  the  juices  derived  from  the  sexual 
glands  into  the  human  economy  make  it  probable  that  these  glands  produce 
chemical  substances  whose  absorption  into  the  juices  of  the  body  has  an  in- 
fluence on  other  oi^ns  (comuare  W  21-23),  According  to  the  observations 
of  Singer*  in  urticartaj  which  develops  in  connection  with  disturbances  in  the 
intestinal  f uuction,  the  intestinal  putrefaction  is  increased,  which  may  be  i^ocog- 
nized  by  the  presence  in  the  urine  of  indican  and  ethyl- sulphuric  acid.  The 
same  peculiarity  may  be  observed  in  other  forms  of  skin-diseases. 

§  21.  When  glands  cease  to  perform  their  functions,  or  if  a  part  of 
the  function  of  a  gland  undergoes  some  alteration,  various  diseased  con- 
ditions may  result ;  and  we  may  explain  them  by  assuming  that  certain 
hai-mful  pi-oducts  are  retained  in  the  system  and  undergo  absorption 
(§  19),  or  also  that  certain  chemical  substances  which  are  of  impoi'tance 
to  the  integrity  of  the  economy  are  no  longer  produced.  In  harmony 
with  these  ideas  we  may  establish  a  ffroup  of  diseases  which  owe  their 
orison  to  the  iack  of  certain  chemical  substances  which  cease  to  be 
provided  when  certain  sT^and-f unctions  are  abrogated. 

If  the  lung  be  considered  as  a  gland,  one  may  include  in  this  group 
the  diminishexl  absorption  of  oxygen,  with  all  its  sequelce,  which  is  brought 
about  by  various  pathological  conditions  of  the  lung.  To  this  group 
also  belong  those  disturbances  of  the  digestion  which  i*esult  from  the 
permanent  or  temporary  abolition  of  the  functional  activity  of  the  glands 
of  the  stomachy  as  a  result  of  which  the  gastric  juice  loses  its  peculiar 
digestive  power  on  the  ingested  foods — a  power  which  it  owes  to  the 
pepsin,  the  milk-curdling  ferment,  and  the  hydrochloric  acid  contained 
within  it,  and  which  is  manifested  in  such  acts  as  the  coagulation  of 
milk  by  the  curdling  ferment  just  mentioned,  the  solution  of  albimiin 
and  gelatin  and  their  conversion  into  peptones  by  means  of  the  pepsin, 
and  the  conversion  of  grape-  and  milk-sugars  into  lactic  acid.  In  a  sim- 
ilar manner  we  should  place  in  this  same  group  the  disturbances  occa- 
sioned by  the  suspension  of  the  secretions  of  the  accessory  special  glands 
of  the  alimentary  tract.  Thus,  by  the  cessation  of  the  production  of  the 
salivarj'  secretions  in  the  mouth,  the  actiou  of  the  ptyalin,  which  changes 
starch  into  sugar,  is  arrested ;  by  the  cessation  of  the  pancreatic  secre- 
tion, the  peculiar  effects  which  it  is  capable  of  producing  are  not  accom- 
plished (the  following  are  the  effects  in  question :  by  means  of  a  diastatic 
ferment  it  changes  swollen-np  starch  into  dextrine  and  sugar ;  it  emulsi- 
fies softened  and  fluid  fats,  partly  separating  them  into  glycerin  and 
fatty  acids ;  through  the  contained  trji^sin  it  dissolves  albuminoid  bodies 
and  gelatinous  tissues,  converts  them  into  peptones,  and  then  splits  them 

•  Wien.  Klin.  Wochenschr.,  1894. 
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Up);  and,  ftimlly,  liy  tin-  alioliiimi  nf  tli*'  l>iliar_v  supply,  the  antiseptic 
action  of  tht*  biU'  in  tin-  intt-stiital  rjiTiiil  is  aiTestetl. 

Fiually,  IIh*  (liininiUi<in  in  ilif  anitmnt  of  iin*H  foniied  in  severe  dis- 
eases of  tJie  livi'r-pni'f!ii'liyiiiti  slioukl  not  be  overlintki'd. 

It  litiH  been  only  witliiii  the  last  tVw  yearn  tlmt  the  wif^niticance  of  the 
Iiuftiidly  recoffnizi'd  disturbant'en  in  the  fiiiK'tious  of  tlu'  ]vauereujs.  of  the 
thxToid.  and  itf  tlic  snpnircjial  nipsnU's  lias  nvt-ived  diK-  consideration, 
Tlu'se  t-dands  probaljly  jirodiico  a  se4'ivtion  the  ndniixtnn*  of  Avhich  with 
the  lilood  ami  thi*  jiiircs  of  tin*  Imdy  is  Jieeessary  for  the  preservation  of 
the  iutf^rity  of  tht-  orgauisni.  ( 'onseqneutly  their  absence  eaiiscs  peeu- 
har  disrases.  which  arc  kn<t\vn  ti»(iiahete»j  eaehexi<t  fkyre(ijtHi'ti,mifxu'(fetnaf 
cntinixin,  II ml  AtUiiaou'a  tlisfttsr. 

Diat>etes  is  a  disease  charac^ti-rized  by  the  prt'sonnc  of  a  larj^e  amount 
of  fn"ape-suffar  in  the  in*iin'  (j^hiroMiria),  aceonipaiiii'd  by  a  niarkt'd  in- 
crease in  the  total  amount  of  iirim*  sccn*ti'd  (polyirna)^  iiftt'u  alho  l>y  the 
patholoju^ical  increase  of  acetone  and  by  the  excretion  of  accto-acetie  iieid 
and  [ii-oxybntync'  aeid  in  the  nrim*.  At  tin*  sanit*  time  gn^'M^''^^^^?^**  "'"^ 
the  acids  just  named  are  t'outul  in  the  bhHtd.  and  frequently  diminish  its 
aJkalinily.  When  the  blood  of  tliese  piitieiits  einitaiiis  a  larye  ]«*opur1ioii 
of  acids,  headaehe.  a  feelinsj:  of  nnxiety.  dtOirinm,  faintioj^s,  nnd  tinally 
arrest  of  conseionsnesK  (roniii  tlinlKMicum)  are  a])t  tiv  tievchtp,  ami  thesis 
conditions  arc  probably  attributable  to  iutoxieation  by  ueids  (Statiel- 
mann,  Minkowski). 

Tlie  ]a'esence  of  su^rar  in  the  urine  may  be  due  to  the  fact  tliat  too 
much  sii^ar  has  been  taken  into  the  bc.«ly,  so  that  a  portion  iias  entered 
the  nrincmu-haiiircd  (nlitnciitury  irlne(tsnria).  (ihn'iisuria  nni}' also  occur 
in  eonscijuemre  oY  injin-ies  to  particular  parts  of  the  iiiedtdla  i>blon^nta 
(puncture  of  BcnmiHi).  or  as  the  residt  of  disease  in  the  cerebnuu  ^soften- 
ing,  epilepsy,  mental  atfeetions,  severe  |>syehirjil  dcnuip-numts.  tnuiors, 
parasites),  or  of  stnue  form  of  poisoninl^^  jeurbim  monoxide,  cururi,  nuir- 
phine,  strychnine,  amyl  nitnte.  uitrolH'nzol),  in  which  the  liver  probably 
gives  nji  its  plycojren  into  the  bhxid  more  rapiiUy  tlnui  norniid,  so  that  a 
hyi)erp:lyc^i'mia  is  set  up. 

Finally,  jtjlne<jsni*ia  may  occur  when  the  kidneys  are  itnable  to  hold 
baek  the  slif^ht  amount  of  ^luc<»se  wldeh  is  normally  jtros*'nt  in  the 
blood,  ft  phenomenon  which  may  be  produced  experimentally  by  the 
aduiinistralion  of  plilorrizin  (iion  MerinjrI. 

These  alimentary,,  ncnrolic,  and  toxic  plucosurias  njv.  however,  to  )je 
distinffiiisbed  from  the  ordinary  diabetes  in  that  (he  eausi*  of  plucosuria 
is  to  be  fiotijjlit  not  in  an  iiici-eaaed  eonvcynnce  of  su^rar  into  the  blfiod  or 
a  pathoh^piciil  excretion  of  snjcar  contained  in  the  Wood,  bnl  rather  in 
the  fact  that  the  diabetic  patient  is  unable  to  d4-conipose  sufficiently  the 
carboliydndes,  and  especially  the  dextntse,  while  the  su^*'ars  which  tuni 
polarized  light  t(t  the  left  (Icvidose  and  inulin)  usually  can  be  oxidized, 
if  not  ontiri^ly,  eei-tninly  in  givater  am<»unt  than  dextrose.  In  nnist 
cases,  also,  the  power  (<»  form  fats  from  the  carliohytU-fttes  is  lessened; 
yet  there  arc  eases  in  which  this  function  is  intact,  and  the  sugrars  are 
stoivd  u\i  in  the  lnHly  as  fats  (dialtetop»nons  obesity). 

Aeeonling  to  the  investiisatious  of  v<m  Merin^  and  Minkowski,  which 
liave  been  ('onfirme*!  by  diiTerent  anthm-s  (Hedoti.  Lepine.  Arthand, 
Bntte,  Oley,  Thiroloix,  Harley.  Capi)arelli),  this  loss  of  p*»wor  in  the 
or^nism  t**  oxidize  the  sugar  brought  into  the  btnly,  or  t<j  store  it  up 
as  glycogen  or  fat.  is  to  be  exi>lained  by  a  weahiml  ftitirtioitnl  arAion  of 
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the  paitcrms.  This  conclusion  is  drawn  from  the  fact  that,  after  the  total 
extirpation  of  the  pancreas  in  dogs,  a  severe,  and  after  a  few  weeks  fatal, 
diabetes  is  produced,  which  is  chai-acterized,  as  diabetes  is  in  the  human 
subject,  by  polyuria,  polydipsia,  hyperglycaeniia,  glucosuria,  a  diminution 
of  the  glycogen  in  tlie  tissues,  and  occasionally  also  by  the  existence  of 
active  destruction  of  albumin,  by  emaciation,  by  excretion  of  large 
amounts  of  acetone,  aceto-acetic  acid,  Ji-oxybut)Tic  acid,  and  ammonia, 
and  by  the  appearance  of  a  comatose  condition.  In  support  of  the  sup- 
position that  tiiere  is  a  definite  relation  between  the  disturbance  of  the 
pancreatic  function  and  diabetes,  we  find  in  cei-tain  cases  of  this  disease 
that  the  pancreas  has  undergone  some  alteration — that  is,  it  is  atrophied 
or  degenei*ated ;  it  should,  however,  be  borne  in  mind  that  the  anatomical 
examination  often  fails  to  disclose  a  pathological  condition  of  the  pan- 
creas, so  that  we  must  content  ourselves  with  the  belief  that  the  anatom- 
ical alterations  which  may  underlie  the  functional  disturbance  of  tliis 
organ  are  not  sufficiently  well  marked  for  us  to  be  able  to  demonstrate 
them. 

A  precise  explanation  of  the  causal  relations  existing  between  diseases 
of  the  pancreas  and  diabetes  cannot  be  given  at  the  present  time ;  yet 
from  the  foregoing  experiuiental  reseairhcs  we  may  deduce  the  hj'poth- 
esis  that  the  pancreas  yields  a  substance  to  the  juices  of  the  body  which 
enables  them  to  de8tr(»y  the  glucose,  which  j>owcr  is  lost  after  destruction 
of  this  gland.  Likewise,  an  explanation  cannot  be  given  of  the  increase 
in  the  destruction  of  the  albumins,  and  the  attendant  destruction  of 
^xybntmc  acid,  aceto-acetic  acid,  and  acetone.  As  these  substances 
are  not  always  found  in  ai'tificially  produced  pancreatic  diabetes  (Min- 
kowski), it  would  appear  that  they  have  no  direct  connection  with  the 
excretion  of  sugar,  but  should  be  cousidere<l  rather  as  constituting  a 
i-ompUcation  of  diabetes  (Minkowski).  They  may  also  accompany  other 
diseases  (poisonings,  careinoma,  derangements  of  digestion),  and  are  not 
always  to  be  found  in  cases  of  diabetes. 

The  appearance  of  diabetes  after  the  total  extirpation  of  the  pancreas  fur- 
nishes evidence  that  the  pancreas  has  an  especial  function  which  is  of  the 
ereatest  importance  in  the  normal  consumption  of  sugar  in  the  piganism. 
Lepine  is  of  the  opinion  that  there  is  in  the  blood  a  glycoI>*tic  ferment  which  ia 
derived  directly  from  the  pancreas,  and  that,  in  diabetic  patieats  and  in  dogs 
from  whom  the  pancreas  has  been  removed,  the  cause  of  the  mellituria  is  to  be 
sought  in  a  decrease  in  the  amount  of  this  ferment.  According  to  Minkowski, 
Lepine's  experiments  are  not  sufficient  for  the  support  of  this  tneon.*.  A  satis- 
factory  explajnation  of  the  genesis  of  pancreatic  oiabetes  cannot  be  given  at  the 
present  time. 

If  we  remove  only  a  part  of  the  pancreas  of  a  dog,  no  diabetes  occurs,  or  at 
least  the  separation  of  sugar  is  much  less  than  after  total  extirpation  of  the 
organ  (Minkowski).  In  dogs  under  whose  skin  a  portion  of  the  pancreas  has 
been  ingrafted  diabetes  is  not  produced,  even  when  the  gland  has  been  com- 
]>letely  extirpated  (Minkowski,  Hedon) ;  it  recurs,  however,  as  soon  as  the  im- 
planted portion  is  removed. 

According  to  Minkowski,  there  is  no  direct  relation  between  the  secretory 
functions  of  the  pancreas  and  those  which  aid  in  the  assimilation  of  sugar. 

According  to  von  Meiiug  and  Minkowski,  poLsoning  by  phlorrizin  produces 
in  man  and  in  most  animals  a  marked  glucosuria,  and  symptoms  similar  to  those 
seen  in  diabetes  may  be  produced  by  a  contiiiuou^*  administration  of  the  poison. 
Since  the  cause  of  the  pathological  excretion  of  sugar  lies  in  the  kidney  and 
thus  represents  a  washing  out  of  the  sugars  from  the  oi^uism,  the  phlorrizin 
diabetes  cannot  be  identified  with  the  onlinar}-  diabetes — that  is,  the  pancreatic 
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diabetes  as  found  in  man.  In  dogs  in  which  diabetes  has  been  produced  by  ex- 
tirpation of  the  pancreaSf  phlorrizin  produces  an  increase  in  the  amount  of 
sugar  excreted  (Minkowski). 

§  22.  Cachexia  thyreopriva  is  a  peculiar  disease  which  is  produced 
by  the  loss  or  decrease  or  suspetision  of  the  function  of  the  thyroid  gland^ 
these  conditions  resulting  either  from  defective  development  or  from 
pathological  changes  iu  the  gland.  To  Kocher  belongs  the  honor  of 
having  discovered  the  cause  of  this  disease,  he  having  observed  that  it 
followed  the  total  extirpation  of  the  thyroid  gland.  Numerous  clinical 
observations  and  experimental  researches  which  followed  this  discovery 
have  confirmed  the  fact  that  the  presence  of  thyroid  tissue  is  necessary 
for  the  maintenance'  of  the  integrity  of  the  organism,  and  that  the  body, 
especially  during  its  growth,  i-equires  a  thyroid  gland  capable  of  perform- 
ing its  functions  in  a  normal  manner.  Probably  this  gland  produces  a 
substance  that  serves  a  useful  purpose  in  the  metabolism  of  the  body ; 
it  is  also  possible  that  it  changes  or  destroys  deleterious  substances  cir- 
culating in  the  blood. 

According  to  experimental  and  clinical  observations^  the  total  extir- 
pation of  the  thyroid  gland  produces  in  man,  as  well  as  m  animals,  after 
a  very  short  time,  severe  morbid  symptoms,  which  are  characterized  by 
the  appearance  of  convulsions  and  cramps,  and  finally  by  palsies  of  the 
muscles,  so  that  the  condition  has  been  called  thyreoprival  tetany. 
Young  animals  and  the  carnivora  are  especially  sensitive,  and  dogs  die 
mostly  in  a  short  time  after  the  total  extirpation  of  the  thyroid. 

If  the  loss  of  the  tissues  of  this  gland  is  borne  fairly  well  at  first,  as 
occurs  in  human  subjects,  then  after  the  lapse  of  months,  or  perhaps 
even  of  years,  peculiar  disturbances  of  nutrition  begin  to  show  them- 
selves. At  first  these  consist  of  a  feeling  of  weakness  and  heaviness  in 
the  limbs,  sensations  of  cold,  often  accompanied  by  pains  and  transient 
swellings  of  the  limbs,  and  decreased  mental  activity ;  then,  later,  a 
cachexia,  accompanied  by  anaemia,  manifests  itself,  and  at  the  same  time 
pale  waxy  swellings  of  the  skin,  especially  of  the  face,  appear,  and  there 
is  a  noticeable  diminution  of  mental  power,  together  with  a  decrease  in 
museulM'  j)ower ;  and,  finally,  the  termination  of  these  conditions  is  apt 
to  be  death.  The  removal  of  the  thyroid  gland  in  childhood  produces 
disturbances  in  development,  and  may  prevent  either  entirely  or  partially 
the  growth  of  the  bones  in  their  longitudinal  axes. 

In  thyreoprival  tetany  the  body-temperature  is  raised ;  iu  the  cachexia 
it  is  lowered. 

Pathological  functional  changes,  as  well  as  total  extirpation  of  the 
thyroid,  may  produce  pathological  conditions  of  the  body,  and  both 
experimental  and  clinical  observations  tend  to  show  that  myxoedema 
(Ord)  is  a  disease  which  is  specially  dependent  upon  changes  iu  the 
thyroid  gland.  Myxoedema  is  a  condition  in  which  the  external  appear- 
ance of  the  patient  reminds  one  of  the  thyreoprival  cachexia;  there  is 
the  same  pecnliarly  pale  clastic  swelling  of  the  facial  skin,  which  does 
not  yield  to  the  pressure  of  the  finger,  and  which  may  also  be  accom- 
panied by  similar  pale  and  dry  swellings  in  other  parts  of  the  body. 
Later  on,  there  is  a  decrease  in  intellectual  power,  which  shows  itself  in 
an  increasing  difficulty  in  thinking  and  acting,  also  in  dulness  of  tactile 
sensation,  in  retardation  of  muscular  reaction,  and  in  the  monotonous, 
nasal  character  of  the  voice.     Finally,  marked  general  weakness  and 
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often  symptoms  of  actual  mental  derangement  appear^  and  the  fatal 
termiuatiou  occurs  under  manifestations  of  increasing  cachexia,  ancemia, 
and  coma. 

So  far  as  may  be  judged  from  the  clinical  and  anatomical  facts 
observed  in  patients  affected  with  this  disease,  it  is  highly  probable  that 
cretinism,  or  rather  the  alterations  in  the  structure  and  functions  of  the 
body  which  characterize  this  disease,  is  also  dependent  upon  disturb- 
ances of  the  functions  of  the  thyroid  gland.  Thus  we  know  that  in 
cretinism  there  is  always  degeneration  of  the  thyroid  gland,  which  may 
manifest  itself  in  an  enlargement  of  the  organ,  together  with  a  certain 
amount  of  alteration  of  its  structure  (goitre),  or  in  a  contracted  and 
atrophied  condition  of  the  gland.  The  fact  should  also  be  stated  that 
cretins  in  their  general  aspect  remind  one  of  those  individuals  whose 
growth  has  been  stunted  through  a  thyroidectomy  having  been  performed 
upon  them  during  childhood.  The  longitudinal  growth  of  the  hollow 
bones  is  more  or  less  imperfect,  while  the  soft  parts  are  relatively  well 
developed.  The  different  portions  of  the  body  ai*e  unequally  developed. 
The  head,  for  example,  is  relatively  large ;  the  abdomen  and  neck  are 
thick ;  the  root  of  the  nose  is  depressed,  while  the  nose  itself  is  broad 
and  stumpy ;  the  skin,  especially  of  the  face,  is  pale,  flabby,  wrinkled, 
and  puffy,  as  if  oedematously  swollen.  The  mental  faculties  ai-e  always 
feeble,  sometimes  markedly  so.  The  power  of  speech  and  of  understand- 
ing words  may  be  entirely  absent;  and  only  those  eases  of  cretinism 
which  are  but  slightly  marked  are  capable  of  performing  work  of  any 
kind. 

Since  cretinism  appears  to  be  an  endemic  disease  in  certain  regions, 
it  is  reasonable  to  suppose  that  an  unknown  local  miasm,  probably  taken 
into  the  system  in  the  drinking-water,  acts  with  a  degenerating  influence 
upon  the  thyroid  gland  during  the  time  of  bodily  development,  and 
injures  the  entire  organism  by  disturbing  the  function  of  tliis  gland. 
We  have,  then,  a  miasm  tlie  action  of  which  produces  the  same  effects  as 
an  operative  removal  of  the  gland ;  and  since  we  call  this  action  epidemic 
cretinism^  we  might  also  term  cachexia  thjTcopriva  operative  cretinism. 
In  addition,  we  might  add  myxoedema  to  the  cretinisms,  and  term  it  a 
sporadic  fom%j  in  contrast  to  the  epidemic.  , 

The  great  importanoe  of  the  thvroid  gland  for  the  nutrition  of  the  body,  the 
cerebral  fanctions,  and  the  growth  of  bones,  can  no  longer  be  doubted,  after 
the  numerous  oliuical  observations  and  experimental  researches  which  have  been 
made  (see  the  works  of  Horsley,  Hofmeister,  and  de  Quervain,  in  which  are  to 
be  found  summaries  of  the  hterature  of  the  subject).  Regarding  the  mode  of 
action  of  the  thyroid  gland  there  are,  however,  many  opinions.  It  is  a  striking 
fact  that  very  small  remnants  of  the  thyroid  tissue  stfece  to  prevent  the  evu 
effects  of  extirpation,  and  that  the  implantation  of  small  portions  of  thyroid  tis- 
sue, provided  they  continue  to  hve  in  their  new  surroundings,  exerts  a  curative 
influence  upon  tetanilla  strumipriva  and  cachexias  trumipriva  (Vassalo,  Gley, 
Christianij  Leichtenstem,  Hofmeister,  and  others).  The  same  results  have  also 
been  obtamed  by  subcutaneous  injections  of  the  luices  derived  from  the  thyroid 
of  an  animal,  and  by  administering  portions  of  the  gland  as  food.  Hofmeister 
asserts  with  positiveness  that,  In  cases  like  those  which  have  just  been  enumer- 
ated, the  th"\Toid  gland  contributes  to  the  juices  of  the  body  a  chemical  substance 
indispensable  to  the  oi^nism. 

As  farther  corroborative  evidence  of  the  fact  that  cachexia  strumipriva  and 
ro^'xoedema  are  closely  related,  we  may  mention  the  fact  that  in  myxcedema  the 
existence  of  degeneration  of  the  thyroid  pland  has  several  times  i)een  demon- 
strated.   That  tiie  cUnical  manifestations  and  the  pathological  changes  observed 
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in  the  two  diseases  are  very  similar  is  a  well-known  fact.  But  s  still  more 
striking  evidence  of  the  dependence  of  myxoedema  on  disease  of  the  thyroid 
|:land  is  furnished  by  the  fact  that  either  the  prolonged  use  of  sabcutaneous  in- 
jections of  thyroid-gland  juice,  or  the  habitual  feeding  of  portions  of  tlie  gland  to 
the  patient,  exerts  a  strongjy  curative  effect  upon  myxoedenm  (Murray,  Vermeh- 
ren,  Ord,  Hellier,  Kocher,  Beadles,  Laache).  If  the  supposition  be  correct  that 
endemic  cretinism  is  dependent  upon  de^neration  of  the  thyroid  gland,  one 
may  hope  that  this  disease,  if  taken  at  its  mception,  may  be  ciu*ed  by  the  suit- 
able administration  of  thyroid  tissue. 

Very  few  characteristic  post-mortem  lesions  are  found  in  persons  who  have 
died  from  cachexia  strumipnva  or  from  myxoedema.  The  central  nervous  sys- 
tem shows  no  noteworthy  changes,  either  in  tetany  (de  Quervain)  or  in  cachexia 
(Langhans,  Hofmeister).  In  the  year  1892  Langmms  and  Kopp  described  pe- 
culiar changes  in  the  peripheral  nerves.  The  conditions  which  tney  found  are  the 
following:  singleormultilocular  vesicular  cells  (derived  from  the  endoneurium) 
in  the  lymph-spaces  of  the  endoneurium ;  next,  peculiar  flat  or  cylindrical  or 
spindle-shaped  bundles  of  fibres,  changed  in  part,  in  the  centre,  to  a  hyaline 
mass ;  finally,  on  the  inner  surface  of  the  penneurium,  blood-vessels  having  a 
thickened  homogeneous  or  concentiically  striated  adventitia.  The  importance 
of  these  discoveries  in  cachexia  thyreopriva  is,  however,  questionable,  since 
Weiss  has  found  the  same  condition  m  healthy  dogs  upon  whom  the  extirpation 
of  the  thyroid  had  not  been  performed.  According  to  Hofmeister,  the  kidneys 
and  sexual  glands  show  degenerative  changes. 

The  most  remarkable  of  the  characteristics  shown  after  removal  of  the 
thyroid  in  early  life,  or  after  it  has  become  diseased  at  an  early  period,  is  the 
arrest  of  the  Ibugitudinal  growth  of  bones,  dependent  upon  some  disturbance  of 
the  process  of  endochondral  ossification.  According  to  Hofmeister,  a  similar 
arrest  mav  be  produced  artificially  by  operation  on  rabbits.  Another  thing 
worthy  or  note  is  the  fact  that,  according  to  the  researches  of  Bogowitsch, 
Stieda,  and  Hofmeister,  removal  of  the  thyroid  in  young  rabbits  produces  en- 
largement and  a  peculiar  alteration  of  the  hypophysis  cerebri. 

The  assertion,  thought  to  have  been  establishea  by  oft-repeated  experiment, 
that  rabbits  after  extirpation  of  the  thyroid  do  not  have  tetany,  is,  according  to 
the  investigations  of  CAey,  which  Hofmeister  has  confirmed,  based  on  an  error, 
arising  from  the  experimenters  having  overlooked  the  fact  that  the  rabbit  always 
possesses  supernumerary  thyroid  glands.  If  these  are  also  removed,  along  with 
the  regular  glands,  rabbits — like  the  majority  of  carnivora  operated  upon — die 
from  tetany. 

§  23.  Addison's  disease  is  a  peculiar  affection  which  ends  in  death 
after  a  course,  on  an  average,  of  two  years,  and  which  probably  is  pro- 
duced by  some  alteration  of  function  in  the  suprarenal  capsules.  Its  most 
noticeable  characteristic  is  the  a])pearance  of  a  light-yellow-brown  to 
dark-brown  diffuse  and  spotted  pigmentation  of  the  skin,  which  first 
shows  itself  in  exposed  portions  of  the  skin,  as  well  as  on  the  areas 
usually  pigmented,  then  on  the  remaining  superficial  portions  and  on  the 
mucous  meml)ranes  of  the  mouth  (melasma  suprarenale).  Already,  before 
the  recognizable  beginning  of  the  disease  or  before  the  pigmentation  of 
the  skin,  there  occur  loss  of  appetite,  nausea,  pain  in  the  epigastrium, 
diarrlicea,  and  constipation — all  of  them  symptoms  of  disturbance  of  the 
gastric  and  intestinal  functions.  Then,  later,  these  are  followed  by 
muscular  weakness,  and  finally  also  by  manifestations  on  the  part  of  the 
nervous  system,  such  as  asthenia,  fatigue  on  slight  exertion,  headache, 
dizziness,  faintiugs,  epileptic  seizures,  and  a  comatose  condition. 

According  to  the  comprehensive  statistics  compiled  by  Lewin,  altera- 
tions of  the  suprarenal  cai)sules  are  found  in  eighty  per  cent,  of  all  typical 
cases  of  Addison's  disease.  Most  frequently  these  organs  are  found  to 
be  changed  into  a  caseous  or  a  partly  cheesy  and  partly  fibrous  mass. 
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Other  lesions  which  might  be  called  characteristic  of  Addison's  disease 
are  wanting.  It  can  hardly  be  doubted  that  the  disease  of  the  suprarenal 
capsules  holds  a  causal  relation  to  tliis  particular  disease,  so  that  one  may 
describe  it  as  a  suprarenal  cachexia.  In  what  manner,  however,  the  com- 
plete loss  of  the  function  of  the  suprarenal  capsules,  or  simply  some 
modification  of  their  power,  produces  the  injury  to  the  organism,  cannot  be 
explained  at  present.  It  is  not  improbable  that  the  suprarenal  capsules 
produce,  in  a  manner  similar  to  that  which  has  been  observed  in  the  case 
of  the  thyroid  gland,  a  substance  which  is  necessary  to  the  organism. 
Possibly  poisonous  substances  are  also  destroyed  by  the  action  of  the 
suprarenal  capsules. 

In  the  same  category  with  the  pathological  conditions  which  result  from  the 
withdrawal  of  a  glandular  function  are  to  be  classed  the  abnormal  symptoms 
in  the  growth  and  functions  of  the  body  which  are  produced  by  castration — 
i.e.,  the  removal  of  the  sexual  glands.  If  the  ovaries  are  removed  from  a 
woman  after  puberty  the  changes  which  occur  are  referable  only  to  the  organs 
of  generation :  menstruation  ceases,  and  the  uterus  atrophies ;  and  yet  there  are 
cases  on  record  in  which  it  was  observed  that  changes  occiured  in  the  pro- 
duction of  adipose  tissue  and  the  growth  of  hair,  and  also  in  the  general  tem- 
perament. If  the  ovaries  are  removed  or  destroyed  in  childhood  the  CTowth  of 
the  body  approaches  that  of  the  male ;  the  muscles  are  strongly  developed,  the 
changes  in  the  pelvis  do  not  take  place,  and  the  development  of  the  breasts 


Castration  in  a  man  produces  no  marked  change  in  the  development  of  the 
body.  If,  on  the  contrary,  boys  are  castrated  toe  development  of  the  body 
simulates  that  of  woman.  An  increased  amount  of  fat  is  stored  up,  especially 
on  the  abdomen,  while  the  muscular  structiu*  is  only  feebly  developea.  The 
external  ^nitalia  remain  small,  and  there  is  no  development  of  either  beard  or 
pubic  hau*.  The  lanmx  remains  small,  and  the  voice  is  childlike.  The  mental 
powers  are  devoid  of  strength  or  eneigy. 

In  castrated  stags  the  antlers  are  not  developed ;  in  cocks  the  growth  of  the 
comb  is  arrested. 

How  the  extirpation  of  the  sexual  glands  affects  the  entire  body  has  not  been 
determined  with  certainty.  It  is  generally  supposed  that,  by  means  of  this 
operation,  the  trophic  influence  which  is  exerted  upon  the  tissues  by  the  sexual 
glands,  through  the  nervous  system,  is  withdrawn.  It  is,  however,  very  im- 
probable that  the  sexual  glands  exert  such  a  trophic  influence  through  the 
nervous  system,  and  the  supposition,  corresponding  more  closely  to  the  actual 
circumstances,  must  rather  be  that  there  is  produced  in  the  sexual  glands  during 
development  a  chemical  substance  which  exerts  a  definite  influence  upon  the 
growth  and  development  of  the  body. 

According  to  the  opinion  of  Brown -S6quard,  all  glands  produce  a  peculiar 
secretion  within  themselves,  and  they  contribute  substances  to  the  blood  which 
are  useful  to  the  oi^nism.  He  ascribes  to  the  juice  of  the  generative  glands  a 
special,  exciting,  tonic  influence  upon  the  organism.  According  to  Poehl,  the 
active  principle  found  in  these  glands  is  spermirtf  a  base  which  is  present  in  many 
glands  (thyroid,  pancreas,  oyanea,  spleen),  and  which,  through  its  catalytic  ac- 
tion, is  able  to  restore  the  oxidizins:  power  of  the  blood,  whenever,  throug'h  any 
cause,  it  becomes  reduced  below  the  normal,  and  to  promote  the  so-called  intra- 
organic ojridaHon. 

The  literature  of  Addison's  disease  is  unusually  rich  (see  works  of  Averbeck, 
Alexander,  and  Lewin),  but  nevertheless  the  very  numerous  clinical  and  exper- 
imental observations  have  failed  to  make  olear  the  genesis  of  the  disease,  and 
the  precise  importance  attaching  to  the  suprarenal  capsules  in  the  human  and 
animal  oigamsms.  Since  in  some  cases  of  Addison's  disease  no  lesions  are 
found  in  the  suprarenal  capsules,  tlie  attempt  has  frequently  been  made  to 
refer  the  disease  to  other  localized  pathological  lesions — as,  for  instance,  of  the 
sympathetic  nerves  and  ganglia ;  but  the  conditions  found  up  to  the  present  time 
(fo  not  justify  such  a  deduction.    That  there  have  been  found  in  a  few  cases,  even 
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when  correctly  diagnosed,  no  degenerative  lesions  of  the  suprarenal  capsules, 
cannot  be  used  as  an  argument  against  the  pathological  importance  of  tne  de- 
generation  of  these  glands  in  the  etiology  of  Addison's  disease,  since  an  appa- 
rently normal  suprarenal  capsule  may  have  performed  its  functions  in  an 
abnormal  manner. 

According  to  the  experiments  of  Tizzoni,  pathological  conditions  similar  to 
those  seen  in  Addison's  disease  can  be  produced  in  rabbits  by  the  destruction  of 
the  suprarenal  capsules :  as^  for  example,  abnormal  pigmentation  of  the  mucous 
membrane  of  the  mouth,  loss  of  strength,  epileptic  attacks,  comatose  conditions, 
and  finally  death.  It  is  also  of  interest  to  note  that  in  cases  in  which  the  animals 
died  in  consequence  of  the  operation,  Tizzoni  found  degenerative  processes 
present  in  the  spinal  cord. 

Inflammatory  and  degenerative  changes  in  the  semilunar  ganglia  and  in 
other  parts  of  the  sympathetic  system,  and  also  in  the  intervertebral  ganglia, 
have  been  found  frec[uently  in  Addison's  disease,  and  have  lately  been  more 
fully  described  by  Plexner.  They  can  be  explained  upon  the  hj'pothesis  of  an 
extension  of  the  inflammation  and  degeneration  from  the  suprarenal  capsules 
to  these  points.  To  conclude  from  this  that  Addison's  disease  is  dependent  upon 
a  lesion  of  the  sympathetic  nerves,  and  not  of  the  suprarenal  capsules,  is  not 
sufficiently  well  founded,  since  the  suprarenal  pathological  alterations  are  con- 
stant, while  those  of  the  nerves  have  been  found  in  only  a  few  cases. 

Alexander  found  that  the  suprarenal  capsules  contain  a  good  deal  of  leci- 
thin, and  he  is,  for  this  reason,  disposed  to  believe  that  the  disease  of  the  supra- 
renal capsules  is  due  to  the  fact  that  this  substance,  which  is  also  present  in  a 
relatively  large  quantity  in  the  central  nervous  system,  is  no  longer  produced. 

Abelous  and  Langlois,  who  performed  experiments  upon  guinea-pigs  by  re- 
moving the  suprarenal  capsules,  conclude  &om  their  researches  that,  by  means 
of  a  poison  wnich  they  produce,  the  suprarenal  capsules  modify  or  destroy  a 
poison  that  originates  in  muscles. 

Manasse  found,  in  preparations  that  were  removed  and  placed  in  a  chromio- 
acid  solution  while  they  were  still  at  the  normal  blood -temperature,  that  the  cells 
of  the  suprarenal  capsules  are  in  most  intimate  relation  with  the  veins,  reaching 
out  into  tueir  lumen,  and  that  in  the  vessels,  but  especially  in  the  veins,  a  peculiar 
hyaline  substance  is  found,  which  by  the  chromic-acid  solution  is  colored  brown, 
in  much  the  same  manner  as  are  the  surrounding  parenchyma -cells.  It  Is  there- 
fore possible  that  from  these  cells  a  peculiar  substance  is  furnished  to  the  blood. 
It  should  be  stated,  furthermore,  that  this  substance  is  also  found  in  arteries.  It 
cannot  be  demoi^trated  in  alcoholic  preparations. 


IV.  Fever  and  its  Significance. 

§  24,  When  disease  of  an  organ  assumes  a  eonstitutioual  character, 
or  when  a  disease  luanifests  this  character  from  the  very  beginning, 
there  is  seen  very  frequently  a  peculiar  combination  of  symptoms  which 
is  called  fever.  It  is  pai-ticnlarly  in  the  infectious  tUseases  which  nm 
their  ooui*se  with  toxic  symptoms  that  fever  j)lays  an  active  part.  The 
characteristic  mark  of  fever  is  the  increase  of  hotUhj  temperature ;  yet 
other  symptoms  usually  accompany  it,  as,  for  example,  increased  fre- 
qitenct/  of  ihf  pulse,  (fistHrhatues  In  the  (iistribufion  of  the  hlooil,  and  aliera- 
tioiis  in  the  interchamje  of  gases  in  the  Jumfs  and  in  the  excretion  ofunne. 
There  is  usually  also  a  sulgcirtive  feeliuf?  of  beinpr  ill ;  ami  yet  it  does  not 
fonn  a  necessary  ))art  of  the  synijttomatologA-  of  fever,  but  is  leather  the 
special  effect  of  the  iufe<rtion  when  associated  with  symi)toms  of  poison- 
ing ;  the  infection  occurring  either  at  the  same  time  with  the  feverish 
increase  of  temperature,  or  a  little  T)eforc  it,  or  even  after  it. 

The  study  of  the  healthy  individual  teaches  us  that,  in  spite  of  changes 
in  the  surrounding  tem})erature  and  in  the  external  conditions  (Jiirgen- 


rErER. 

sen),  till"  >MHlily  tfmiH^nitiiiv  inainiains  h  hii-hu  liMjrlil  of  37.2-37.^^0. 
(dK-H-Oi)..!^  v.).  Tlif  iiorinul  vuriiiHnu  in  thentml  ecujiiition  Ix'twron 
Rionitn^  ttiitj  oi'ning  is  1.0-1.5^  C\  0-'*---''°  ^-h  the  cwuiiig  Uinipt^rahut* 
U'iinr  1h>*  higher  of  tije  two. 

TIk*  iTusin^'  of  the  tfinjK'rnture  of  the  body  above  that  of  its  Bur- 
■-  Ls  ]»rfMlm'»Mi  by  chfiiiii'iil  fhnnp-.**  iKrourriiif;  in  the  orpmisni, 
in  tht*  iiius<'h's  ami  ^hitiUH :  ho  cmTgi'tic.  iiirlfftl.  uiuy  bo  this 
pnut'iv**  that  11  tw  <»f  1^  C.  (I.S"^  F,)  may  Im*  olitniiifd  within  half  an  liour. 
Thi-s  phrnoiuiMiou  of  heut-pHHluctioii  stands  in  contrast  lo  thut  of  hi/at- 
dixMjtaUoii,  the  latter  taking  pImM*  «*s[H.HMHlIy  throiifi^h  the  skin,  Ihi*  Iniig^, 
and  thi-  i'X<'n*tu.  Both  }tro4H*ss«*s — hrat-piiKhirtion  And  la'at-^lih^ipHtion 
— are  Kitvcrueti  bv  the  ncrx'nus  «vsteni,  ami  it  is  siifh  rt'^uhition  of 
U    '      '  iiu  timt  makes  possil>lr  the  tioniiHl  i'on>«tam\v  of  )iody  tem- 

I" 

Oii  t  xiMtsiat'  To  low  tem|H'nitiin's  ihe  btHiily  heiit-pn>du4'tiou   Xs  lu- 

IcreawHl  u**^'ntially  by  thf  action  of  tlif  niusch'K).  while  heat-dLspeifsion 
lA  liludered  bv  coutraetioa  of  the  LMitane<ms  bIofKl.vesft«'ls  and  bv  the 
'■! 
ru 
Fla.  3. — Teniperature-furve  in,  a  conunued  reniitleiit  ft-ver  with  a  slovly 
inerMkidiif  and  a  very  (n^dually  decreasing  temperature  (typhoid  fever). 


iuhibitaou  of  .swi-at-itrodnetioti. 

On  exposure  to  nigh  tempi-i-atures  the  heat-dissiiwition  i»  nngmentwl 
by  an  increa.se  in  the  fre4|uen<'y  of  rwipiration,  by  dilatation  of  the 
ruioiki'oiih  arterie**.  ami  Ity  an  incivase  in  the  .sweat-exeivtion. 


In  lliose  e^nditioiifi  whieh  we  call  fever  t)ie  pvojwr  >»alance  iM^twe^n 
the  prodnrtion  and  the  dissifrntion  of  heat  is  (Ustiirl»e*1,  the  former  being 
eXi*e«sive ;  and  a*  a  result  thf  tenipertittir*'  of  thf  ftothf  Itrnnnrs  morr  <>r  /?« 
ritrntni  liftttrr  Ihr  uitrnuil  (Figa,  3,  4,  and  ."i).  Klevations  i»f  temjierature 
(taken  in  the  reetum)  ti>  38'^  C,  (100.4^  F.>  jire  ealled  hfitrtma'tunl ;  from 
9HO  X,,  :58.5o  ('.  i\0(\Ao  to  101.30  VXxVufhiUj  fthriU  ;  ft*<^ui  :iS.,j:  to  39.G- 
C.  |lOl.;i"'  to  HKM"  F.).  ut'ffhrntfhf  frhril*- :  tmtu  :i!».:)^  to 44).')=  C.  (103.1= 
lo  104.9'-'  F.).  mnrhtlUj  ffhriie ;  over  40.:i''  i\  (KH.i)^  F.>  (evening),  hitjhly 
ftkriU:  while  any  lemp«*mtnr\"  over  41'^  V.  (105.8^  F.)  is  called  h}f]>fr^ 

Fowr  periods  may  lie  distingnisli**d  in  fevers.  The  first,  railed  the 
pyrogcnetic  itr  inltiil  stage,  or  stadium  incrementi,  eonipriM'S  the 
tiTUe  in  whieh  the  pivviously  ihU'und  tem|>eraturt^  rt'Sehes  the  charactcr- 
i"*  '  'if  of  the  (Mirtirnbir  iii*ien.si*.  This  iH-riml  is  sonn'Timcs  i*hort — 
f.'  ;tn  honr  to  two  lionr*-  in  >biration  (Fi^-  4) — and  is  then  pener- 

n  tries  it  is  long»-r  <Fig.  'it,  ext*-niling 

oi  N  uMially  uiuweom|>anied  by  ji  ehill, 

but  in  nonte  cases  there  may  i>e  rf|»eate4i  ehilU. 
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The  8(H^oih1  jjcpiod  in  ctiUed  the  fastJgtum*  nr  the  acme  of  the  dis- 
ease;  it^*  diiratiou  is  vei'v  vHriaMn,  aciMiiNlinjf  U*  tlie  (lisoasf.  and  may  be 
from  a  few  horn's  to  nuuiy  wonks.  Thv  t^nnperature  reiwhes  ouc  or  more 
armr-iih'  cri»M-p<t{iifit,  Ivtweeu  wliich  are  Couiul  inoiv  or  less  mai'kcd  r?- 
tuiitftiotis. 

In  t\io  period  of  decrease  nr  defervescence,  nr  stadium  decrement!. 
t}»'  tt-niprniturr  ^i^ks  aj^aiii  tu  noniuiJ.  If  l.his  (trcnrs  nijpidly,  liy  a 
sudden  decrease  in  the  renijieruture  (Fig.  4),  it  is  f-iiUrd  crisis;  if  it 
oeeni-s  pradnatly  (Fig.  5)  it  is  fenned  lysis.  Th**  toniuT  is  usually 
accomjHinied  i>v  priffuse  sweatinjr.  and  in  a  U'w  houix  or  at  most  in  one 
day  or  a  day  and  a  half,  tlie  temperntntv  sinks  two  or  three  defrrees.  nr 
oven,  nmler  exeeptioual  (Mn-uniHtantM-s.  five  or  six  dej^rees  |i'entijy;TmJe).* 
In  lysis  tlie  tenipei-Hture  falls  fmidually  in  fmni  tliree  to  four  or  more 
daysj  and  may  hv  inMicr  eoiitiuuons  or  inlernntU*nt, 


Fi-'.  4. 


Fiir, 


Pig.  4. — Temperature-curve  of  a  continued  fever  with  rapid  increase  and 
rapid  dechne  of  teni|)fntture  (pneumonia). 

Fio.  5. — Temperature-curve  of  nn  interuiittent.  tertian  fever  (malaria). 


Tlio  l>oundar>'-line  lu-tweeu  the  aenie  *)f  the  disease  and  defer\'eseene« 
is  not  always  sharply  delinecl,  and  hrfnn-  flte  hitter  sets  in  dertnitively, 
ineretises  iu  tenipri'atnre  iriay  occur  ;  this  pheuonieuon  is  railed  the  criti- 
cal change,  or  perturhatio  critica.  If  between  the  fastitrimn  and  def- 
erveseener  tiiei-e  an^  days  of  uueertaiiity.  with  oeeasional  ehanp's  in  teni- 
penitnre  liownward  and  upward,  we  have  wiiat  is  <'alled  tlie  amphibo- 
lous stage.  Sometimes  there  is  observed  a  short  jieriod  in  wliii'h,  while 
the  temperature  is  somewhat  lowered,  it  yK  reiuains  eon>tantly  above 
the  noriual ;  but  aftrr  a  few  days  it  sinks  either  i*apidly  or  by  ft  (gradual 
def;rea*ie  to  the  normal. 

In  the  convalescent  period  the  temperature  returns  a^'ain  to  the  nor- 
mal eoiidition.  The  lirat-rejrulatin^  fuiieti^m  durin^f  this  time,  hitWever, 
is  still  imperfect,  so  that  often  slifrht  increases  ami  not  infrequently 
snbiKrt-Tiial  temperatnri's  are  observed. 

If  in  the  rourse  of  ii  fever  tlu'  daily  variations  are  small,  wi  that  tiie 
dinVreiu'e  between  the  niaximnm  and  miiiinium  is  no  j.Teater  than  under 
normal  eDiiditious,  the  fevrr  is  enlled  a  continuous  fever  {fthris  rontiuuti) 
(Fit;.  4).  If  the  differenees  an-  greater  the  f.-vi^r  is  termed  a  subcontin. 
uous  fever  {f/hris  stthroutimm}  or  a  remittent  fever  ( /V/m'y  retnittttts) 
{Fig.  3),  or  an  intermittent  fever  (/f/znV  inft'rmifteNs)  (Fig.  5}.     In  the 

•  Nioe  or  ten  degreeH  Fahrenheit.— Tbanslator. 
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latter  c<ni<liti(m  afebrile  periculs  {apyrexia)  alteniato  with  periods  of  high 
teniiwnitmv  {pf/nxUi),  and  each  pttroxyxm  has  itiJ  period  of  greatest  in- 
tensity, <tr  fasti^uin,  un<l  its  deferveseenee.  In  the  infectious  disenjif 
fulleil  relapsing  fever  { ffhris  ffritn'm.s)  there  is  first  a  i-oiitinuous  fever, 
which  after  a  few  days  falls  fcinddeiily  ;  aft<r  iihoul  uuc  wH'k  a  seeond 
rise  in  teraperatnre  may  oecur,  tu  be  folhiMed.  after  the  expiration  of 
am)t)ier  period  at  ajjyrexiii,  by  a  third  rctin-ii  nf  tlie  fever. 

^lany  diseases — as,  fur  exaiupU'.  typhciid.  pneuniouia.  measles,  relaps- 
injf  fever,  ete. — aiv  cliamcterized  by  typieid  temperatnre-enrves,  wliile 
others — like  pIenritis,cndoc!iixlitis,  diphtheria,  tuberciUosis.phle|2Tnon,  etc. 
— show  no  typical  fcl)rilc  couive. 

The  elevation  of  the  body-temperature  in  fever  is  dependent,  pri- 
marily, upon  ail  innntatd  metabolinm.  'V\u'  rtftpirtiforif  htfffrhoHt/t  of  tjtii^cs 
— the  giviu^  u]>  of  earlHUiic  lU'id  ( Liebf nneister,  Leydeu),  and  the  taJtiug 
in  rif  oxygen  (Zuiiz,  Kinkier} — in  inrrvasftl,  a  proof  that  the  oxidation 
pnieesses  and  the  Iteat-pntiluetion  aiv  ineivaj^ed.  At  the  same  time  ihe 
errrvtion  of  nifnuj^uous  sulisinuris  in  fhf  uriiif  (urea,  uric  aei*!,  creatinine) 
is  increased — t>n  the  averaf;e.  70  to  100  per  cent..  Itut  undnr  eertai!i  con- 
ditions to  as  nnich  as  threefohi.  The  dcstniction  of  the  alhiiniinoid 
8nh8tan<*cs  iu  the  hotly  is  also  increased,  and  this  octture  even  as  early  as 
in  tiif  latent  pcrioil  of  ihe  fever  (Naimyii). 

The  inen-ascd  hcat-proihictitm  in  fever  is  fu-corripiiiiied  })y  an  incrrmtrd 
ht-at-ilispffsmi.  Accordingly  a  patient  suffering'  from  fever  pves  np 
more  heat  in  a  bath  than  wonld  a  person  in  normal  condition  (Lieber- 
meister,  Leyden).  The  increase  in  hcat-dispersi^in  do<*s  not,  h<>wever, 
connterhalanoe  the  excess  of  hejU-protbn-lion.  WHiile  the  ht^itt-flispfrnion 
h  onlif  irrfgiihrlif  iurreasf'il,  the  heat-produetiou  is  kept  eoutinuously 
augmented. 

In  tlic  initial  period  the  skin  is  ])ftle,  and  the  cntaneoiis  vcskcIh,  in 
eonsetpicnce  of  irritatioiii  of  the  vaso-mf>tor  nerves,  are  contracted;  heat- 
dispersion  is  slight,  and,  under  certain  eoiHlitions,  may  even  be  less  than 
normal. 

Rigors  (K-eiir  iu  fever  when,  throuj^h  the  eoutraetioii  of  the  iwriphcral 
arteries,  the  amount  of  blood,  and  ct>nse<iuently  the  heat^supply,  furnished 
to  the  cutaneous  nerves  is  suddenly  decreased. 

In  the  seeon*!  stajje  of  the  fever  the  skin  is  fre(|uent]y  hot  and  ivd- 
dened,  and  in  certain  diseases  sweatiup  occurs;  but  the  incivascd  h<'at- 
dispei*siou  occ»usioue(l  thereby  is,  however,  not  snt^cient  to  rcduee  the 
t*'iri  pe  rat  lire  to  nonniil.  The  increaseil  imtabiliiy  of  the  vaso-niotor 
nerves,  or  tlie  delicient  irrilnhility  of  the  viiso-iUlator  nerves  (UeideiUiuiu, 
Naunyn,  Senator),  is  idsu  ]ires<'nt  dniinj;  tliis  jicHoil,  ami,  as  a  n^siilt,  the 
skin-temppraMire,  a-n  well  as  the  heHt-disfKM-sion,  varies  considerably. 
The  skin  is  Ht  times  pale  aiul  eohl,  at  other  times  red  and  hot,  and  the 
hands  nmy  be  cold  wliile  the  tnink  is  hot.  The  centres  governing  hent^ 
dispcrsi<ni  ari'  therefore  act.in>j  faultily. 

In  till'  jteriod  of  defervescence  the  relations  of  heat-dispersion  to  heat- 
pntdnction  ai-c  altered,  the  fnnncr  beiuir  more  a<*tive  than  the  latter. 
The  cntaiii'<Mis  vessels  heconic  dilated,  the  skin  pves  fmt  a  great  amount 
of  heat  fmm  the  rich  supply  of  Mood  circulating  thnaigh  it.  antl.  when 
the  eriticiil  fail  of  the  fever  occurs,  there  is  usually  profuse  sweating. 

We  do  not  know  certainly  the  cause  of  fever,  but  we  can  say  this 
much — that  fever  is  genendly  the  rcjotlf  of  the  tthsorpthm  of  a  harmful  atji'nt 
into  the  ftuidit  of  the  ixuhj.     In  many  cascs  this  hiivmful  agent  comes  from 
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a  demonstrable  local  source — for  instauee,  from  a  mass  of  necrosed  and 
bmkeii-down  tissue,  or  from  some  centre  of  erysipelatous  and  phlegmo- 
nous iuflanunatiun  of  the  skin.  Experiraeutally»  fever  may  be  produced 
by  various  procedures — for  instance,  by  the  infusion  into  the  circulation 
of  the  animal  experimented  upon  of  blood  from  another  species,  by  the 
injection  of  vegetable  or  animal  substances  which  have  begun  to  undergo 
decomposition  (Billroth,  Weber),  etc.  In  man  we  may  mention  particu- 
larly the  infectious  diseasen  as  instances  of  a  fever  which  is  produced  by 
peculiar  microparasit^s  which  multiply  within  the  body. 

It  is  probable  that  the  mien  ►parasites  multii)lying  in  the  body  cause 
— sometimes  directly,  and  at  other  times  by  tlie  production  of  unformed 
ferments — an  increased  retrograde  metamorphosis  of  the  tissues,  and  that 
at  the  same  time  substances  are  produced  which  act  as  poisons  upon  the 
nervous  system.  Their  action  may  be  supposed  to  be  of  such  a  nature 
that,  on  the  one  hand,  thnmgh  conditions  of  excitability,  the  activity  of 
the  muscles  and  glands — and  consetjuently  the  heat-producing  metabolism 
— is  in(!reased ;  wliile,  on  the  other  hand,  by  the  lessened  and  disturbed 
functions  of  tlie  uen^s  goveraing  sweating,  as  also  of  the  vaso-motor 
nerves,  the  increase  of  the  heat-dispei-sion  does  not  keep  pace  with  that 
of  heat-production ;  and,  further,  that  the  organism  makes  an  effort  to 
regulate  the  t^mi)ei*ature,  but  is  no  longer  able,  in  consequence  of  dis- 
turbances in  the  regulating  apparatus,  to  maintain  it  at  the  normal 
height.  To  what  extent  the  bacteria  and  the  ferments  produced  by  them 
<*ontribute  directly  to  the  elevation  of  the  body-tempei-ature ;  how  far  tliis 
elevation  is  caused  by  the  increased  metabolism  due  to  irritation  of  the 
nerves,  and,  further,  how  far  it  is  caused  by  the  disturbance  of  the  heat- 
dispersion,  are  questions  which  cannot  be  determined ;  one  thing  is  cer- 
tain— the  causative  factor  is  different  in  different  cases.  That,  under 
certain  conditions,  dianges  in  the  nervous  system,  without  infection  of 
the  tissue-juices,  suffice  to  cause  the  produc^tion  of  a  feverish  increase  in 
the  temperatTire  is  sliown  by  the  appearance  of  fever  in  epileptic  attacks, 
in  tlie  excitation  periods  that  otrcur  in  the  e(>ui-se  of  progressive  paralysis, 
after  severe  frights,  after  the  passage  of  a  catheter  into  the  bladder, 
etc.  According  to  the  researches  made  by  Kichet,  Aronsohn,  and  Sachs, 
it  is  possible,  in  animals,  l>v  a  prick  which  passes  through  the  cerebral 
c(»rtex  and  strikes  the  corpus  stnatum,  to  produ<*e  marked  elevation  of 
temperature,  with  incretise  in  the  i-espirator}^  interchange  of  gases  and 
in  the  (excretion  of  nitrogenous  material  (Aronsohn  and  Sachs) ;  and  the 
same  phenomena  may  also  he  produced  by  electncal  irritation  of  the 
same  portions  of  the  brain.  Nevertheless  fevers  M'hich  are  the  result  of 
nem'otic  disturbance  are  seldom  seen,  and  are  overshadowed  in  importance 
by  those  produced  by  changes  in  the  blood  and  the  juices  of  the  body. 

The  rise  of  temperature  in  fever  is  usually  accompanied  by  an  accel- 
eration of  the  pulse ;  but  still,  in  some  cases,  the  effect  of  the  elevation 
of  temperature  can  be  so  greatly  modified  by  stimulation  of  the  vagus — 
as,  for  instance,  in  basilar  meningitis — that  the  frequency  of  the  pulse  is 
diminishe<l.  The  pulse  is  at  one  time  full  and  bounding;  at  another, 
through  defective  contraction  of  the  heart,  weak  and  witlumt  body. 

The  weakening  of  tlie  contractions  of  the  heart-muscle  is  dependent 
partly  on  the  steadily  maintained  high  temperature  and  partly  on  the 
action  of  the  harmful  substances  which  are  produced  by  the  morbid  pro- 
cesses, which  are  pecuhar  to  the  especial  disease,  and  Avhich  exert  ai^ 
injurious  effect  upon  the  muscidar  or  the  nervous  system. 
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In  feverish  diseases  the  sensation  of  being  ill  is  usually  ven^  pro- 
nouni'ed,  and  the  patient  experient-es  a  full  sensation  in  the  head.  In  a 
severe  fever  there  are  present  disturbances  of  o<»ns<n<)Usness.  s\'inptonis 
of  excitation  and  depression,  hallucination s,  delirium,  j^'ueral  aiiathy, 
involuntary  evacuations,  tremor  of  the  hands,  cramps  (in  children),  etc. 
The  muscles  of  the  body  l>eci>me  weak,  and  not  infrequently  thev  are 
painfnl.  Digestion  is  decidedly  impaired ;  the  ajtpetite  for  f<x>d  is  shght ; 
the  thirst,  on  the  contrary,  is  increased;  the  mouth  is  dry.  There  is 
increased  frei]uency  of  respiration,  and  up<m  the  appearance  of  muscu- 
lar weakness  it  becomes  superficial.  The  excretion  of  urine  is  usually 
diminished ;  the  amount  of  urea  in  the  urine  is  increased,  and  that  of 
sodium  chloride  is  decreased. 

In  a  long^?ontinued  fever  market!  wasting  of  the  body  is  produced,  a 
large  part  of  the  albuminous  materials  ot  the  Xxtdy  and  of  the  fatty  tis- 
sue being  destroyed. 

It  is  difficult  to  say  to  what  extent  these  s^Tuptoms  in  individual 
cases  depend  upon  the  increased  temperature,  and  to  what  extent  upon 
the  injury  done  to  the  organism  by  the  particular  morbid  process  itself, 
although  most  of  the  nervous  disorders  may  l>e  looked  upon  as  resulting 
from  the  infection. 

Death  is  commonly  due  to  insufficiency  of  the  heart,  and  yet  it  may 
be  produced  by  the  severity  of  the  infection — i.e.,  by  the  changes  in  the 
bodily  juices,  through  their  action  upon  the  ner\'ous  system ;  by  wast- 
ing of  the  strength :  and  also  bv  an  excessive  elevation  of  the  temperature 
—to  43^,  440  and  45°  C.  (1093,'l  1 1°  and  1 13^  F. ).  It  should,  however,  be 
remembere<l  that  under  certain  con<litions  very  high  temperatures  may 
be  endored  for  a  long  time  without  producing  death,  and  that  death 
resulting  after  a  very  high  temperature  is  not  always  due  thereto,  but  is 
more  frequently  to  be  looked  upon  as  partly  or  entirely  the  result  of  the 
infection. 

The  diseusdon  concerning  the  nature  of  fevers,  which  Galen  descnbed  as 
C€Uor  prteler  naturram^  has  witmn  the  last  few  decades  been  greatly  advanced  by 
numerous  exact  clinical  and  enyerimental  studies,  among  the  m(»t  noteworthy 
of  which  are  those  of  Traabe,  Levden,  Liel>ermeisteT,  Senator,  Naunvn.  Herz, 
and  Finkler ;  and  we  hare  learned  from  them  of  the  changes  in  metabolism,  of 
the  increased  consumption  of  oi^gen,  of  the  increased  excretion  of  nitrogenous 
and  carbon  compounds,  and  of  the  chancres  in  heat-dissipation.  If.  despite 
this,  we  have  not  as  yet  obtained  a  complete  knowledge  of  all  those  morbid 
processes  which,  in  any  given  case,  produce  a  feverish  condition,  we  may  attrib- 
ute the  difficolty  to  the  tact  tiiat  the  efficient  cause  of  fever  is  not  something 
uniform,  bnt  may  be  anv  one  of  several  things,  and  also  to  the  &ct  that  the 
feverish  increase  of  the  f>odily  temperature  u«  not  always  produced  in  exactly 
the  same  way.  The  increased  acti^-ity  in  tissue-metamorphosLs  and  oxidation  in 
the  body  is  not  always  produced  in  the  same  manner.  Then,  furthermore,  the 
disturbance  in  the  heat-dissipation,  through  the  radiation  &om  the  skin  and 
through  water-evaporation,  is  not  always  the  same :  in  fact,  it  changes  not  only 
in  the  course  of  one  febrile  illne^,  but  also  in  the  diverse  varieties  of  fever.  The 
part  which  the  nervous  system  takes  in  the  production  of  the  febrile  increase  in 
temperature  is  not  the  same  in  every  case.  According  to  Senator,  there  exists 
in  fevers  no  harmony  between  r^tilation  of  heat  and  metabolism.  One  mast 
therefore  suppose  that  in  fever  heat  is  produced  by  other  processes  besides 
those  which  lead  to  the  formation  of  urea  and  carbonic  acid.  Accorfling  to 
Herz,  heat  is  set  free  by  the  disarrangement  in  the  molecules  of  the  cell  pro- 
toplasm— a  change  which  takes  place  in  many  cells  in  fever  patients,  and  which 
leads  to  the  destruction  of  the  protoplasm.  Heat  may  also  be  set  free  bv  the 
processes  of  swelling  and  coagulation  which  take  place  in  the  ceU-protoplasm, 
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while  at  the  same  time  the  diminished  activity  of  the  re^nerative  processes  in 
fevers  also  necessitates  a  decrease  in  the  power  to  retain  heat. 

A  ^ood  i.'ollectioii  of  the  ancient  and  modem  theories  ref^rdiug  fe%*er  will  be 
found  in  Babe's  treatise.* 


V.  The   Natural    Protective    MechanismSt    Protective    Forces,   and 
Healing  Powers  of  the  Human  Organism,  and  their  Action. 


§  25.  The  Iiuiimn  organism  is  not  entirely  deiViiccluss  agmiist  the 
many  harmful  iiiHiu'iifes  witli  which  men  come  in  iionUift  diirinj;  the 
natiu-al  conrs*?  of  their  lives;  it  jxKSsesses  various  forms  of  protective 
contrivances  and  protective  forces,  which  are  cajHihle  in  many  instjinces 
of  warding  otf  noxious  influences,  or  at  least  of  nipidly  couutorurting 
Uieir  harmful  eflfecls.  so  that  a  dis<*ase  is  either  entirely  ]jreveiited  or 
shows  itself  only  us  a  slight  lesion,  of  luueh  less  severity  than  the  de- 
cided illness  which,  aecfinling  to  experienee,  can  l«e  pHnhieed  l>y  this 
jntrtienlar  injurious  agent.  As  the  kinds  of  harnitul  intlueuees  are 
nuTfuTous,  so  are  the  kinds  of  proter'tioii.  and  they  aft  at  very  varj'ing 
peril  hU — i.e..  sometimes  even  Iwfore  the  tissues  have  begun  to  be  dani- 
Hgfd  ;  sometimes  not  nntil  snoli  attiU-.k  has  zulvaneed  to  a  eertnin  degree 
ami  hiis  bfguu  to  spread  itself,  in  part  by  attacking  the  siirnniuding  tis- 
t*ues  or  by  winding  some  of  its  products  to  distant  spots  (metastasis),  in 
part  by  jMUsouing  the  body-fluids  or  by  deranging  the  b(»dily  funetions. 

If  the  environnu'ut  of  the  body  is  relatively  rolil  or  relatively  warm, 
the  regulating  jiowers  ttf  the  organism  are  at  ouee  brought  into  play. 
inrreasing  the  heut-prtaluction  antl  heat-dissipation,  or  diminishing  them, 
as  tlie  circumstances  demand  ;  so  that  tin-  luidy  is  f■a]labh^  within  cert»iiu 
limit*;,  of  proteeting  itself  against  the  influeiiee  of  the  snrnmndiug  tem- 
perature. If  the  functions  of  the  regulating  nieeiuniism  are  defective — 
as  happens,  for  inKtanee,  in  conseijuence  td'  a  111  id'  drunkenness — a  man 
is  more  liable  to  die  from  the  effects  of  eold  than  under  nonnal  condi- 
tions. 

One  cannot  sjwak  of  special  pn»te<;ting  mechanisnn*  against  gross 
mechauieal  influences,  yet  it  is  to  be  note*!  that  the  tissues  are  able, 
thiimgh  their  iHM*uliar  (|ualities,  to  suflfrr  uumliurless  traumatisms  with- 
out themselves  receiving  any  biirm.  If  sninll,  bard  bodies,  such  as  dnst- 
particles,  reach  the  mucous  membrane  of  ihe  respirator)'  tract  or  that  of 
the  intestiues,  the  epithdmrn  forms  a  barrier  to  prevent  their  l>eing  taken 
into  the  tisRne-s]>ftees ;  and,  further,  if  they  are  ju'esent  in  a  hM'nIity  where 
then*,  are  filiated  epithelia,  these,  tlirough  the  iiiotrmeiih  of  their  cilia, 
will  ket'p  thrm  moving  onwurd.  or  they  will  btx-ome  surrounded  by  mucus 
produced  liy  the  epitbeliiiui  ami  the  mncinis  glands,  and  in  tins  envelope 
they  wdl  be  carried  outside  the  body. 

Xot  infrequently  wauilering  cells  eouie  t^  the  outer  surface  of  the 
mneous  membrane,  encompass  the  duNt-piirticks.  and  earr\'  them  away 
williin  themselves,  in  a  secretion  denved  fnun  the  nnicous  mend>rane. 
This  phenomenon,  which  is  called  phnfffxyfosin,  is  <d»served  on  the  mucous 
membranes  b<tth  of  the  pharynx  au<l  of  tlie  i^'spiratori'  tract,  as  well  as 
in  the  alveoli  of  the  limg:  and  epithelial  cells  can  also  t^ike  part  in  the 
same  work  in  company  with  the  wandering  celLs  which  come  out  of  the 
tissue-})ai*eueh\Tna  to  the  surface,  and  which  are  derived  mostly  from  the 

•**  Die  modemen  Fiebertheorieen,*'  Berlin,  1894. 
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blood-vessel H,  uiid  also  from  the  f^nmjvs  of  IjTuphadetioid  tissue  found  in 
the  muf'ous  lot'iuhmut'.  This  nci-ulitir  jiheiiouH^in m  is  rujide  [losriible  by  the 
fiK't  tiiat  the  cells  can,  l)v  thv  motion  of  their  i)Toto]ihi.sni.  take  up  small 
pai'tieles,  whicli,  like  iusohi)>le  dust,  exert  uo  iujuriitus  intiuenee  up*>u 
their  protoplasm.  If  tliese  cells  ladeu  with  dust  es<raj)e  outward,  the  aet 
of  taking  up  the  dust  into  their  sul)st*iue('  npjieai*s  as  a  useful  aetinty 
— oue  whicli  aids  in  the  eleausin^of  the  or^«us  from  ihist,  On  the  other 
hand,  if  thes4*  dust-hiden  eclls — as  hapjieus  imrtieulurly  iu  tlie  lutig-tissue 
— pans  iuti)  the  lymphatif  t-hannels  and  are  hud  uj)  alonj^  the  sides  of  the 
ehaunels  or  are  eanit-d  iiitn  the  lymph-^claiidw — iu  other  woi-ds,  if  a 
luetast^isis  of  the  dust-fontainin^  cells  lakes  place  into  tiie  internal  organs 
(see  §  8) — theu  the  taking  up  of  dust  by  these  eells  ajipenrs  iit  n  less 
favorable  liglit,  nnd  one  eau  speak  of  the  jwt  as  a  useful  pheiunneiion 
<»nly  when  oue  is  prepared  to  emssider  the  tntiltration  of  the  pulmonary 
etmniM^tive  tissue  auil  lyntph-glniids  witli  dust  as  Irss  hnnuful  Ihau  the 
eolh-etion  of  ilust-jinrtieles  on  the  inner  snrfnee  of  the  nlvenli. 

When  ihv  partii'les.  either  IVf-e  or  contained  in  cells,  reach  the  hjmph' 
tflatiits,  they  are  unvested  at  this  point  and  st(tred  awny  in  the  eells  of 
these  f^hinds,  S4i  that  the  lympli-ghsnds  may  i)e  c<»usidered  to  be  trust- 
worthy ///^j-a-  whii-l)  jjujird  the  bhKtd  aud  the  internal  organs  from  the 
conveyance  of  dusl  to  them. 

Against  the  aetion  of  i>oisons  the  human  body  possesses  but  feeble 
powers  of  defence.  Against  corrosivo  snhHtances  (he  epidenrus  of  the 
outfir  skin  and  the  nnu'us  of  the  nnu'ons  membranes  afford  a  eertain 
amount  of  protection  ;  and  tln'Tc  may  iiemr.  nnih;r  <-i'rtain  ein*umstanees, 
a  mavketl  iurivase  iu  the  pmiiuetiiui  of  nuicus — for  instance,  in  the 
st^mnieh — wherehy  the  irritating  action  of  a  caustic  tluid  may  be  mark- 
eilly  mdueed.  Thnmgh  tbc  transudation  of  Huid  fr'oni  the  bloml -vessels 
upon  the  surfwe  of  the  mucous  nu'inbrain*.  a  dilution  ttf  the  coiToslve 
solutioii  may  he  j)r(Hlu<'ed,  which  m<iditics  its  ticti*m.  On  the  (tther  hand, 
the  extensi(»n  of  the  eon-osive  agent  over  a  laT'g*^''  surface  may  thna  l>e 
produced,  aud  may  result  iu  a  more  with'-spread  injury  to  the  tissues. 

If  the  poistumus  substances  arv  of  such  a  chHraetcr  that,  after  being 
tiiken  up  into  the  juices  fif  the  b^Kly.  tbcy  act  injuriously  upon  the  blood 
or  the  nervous  systfui.  a  i»rote*'tive  in'lncTH'e  nuiy  be  exi'h.cd  by  the 
organism  iu  part  through  the  tu'tiou  of  the  kidneys,  liver,  and  intestine, 
wliich  are  somrtiuu's  able  to  rsn'ctf  th*^  poison  nij/itUtf,  iiud  in  part  through 
tlie  oeeiirn'ni'e  uf  rfmnintl  rhtiiKjr.s  iu  tltt'  poison  itseff ;  but  this  sort  of 
Iirot<?etion  is  effective  only  when  the  jtrocesscs  refenvd  U.*  Uika  place  be- 
fore any  injurj*  has  been  inttiet^d  by  the  poison. 


§  26.  The  human  organism  possesses  various  kinds  of  protective 
mechanisms  and  protective  forces  against  the  parasitic  infections  and 
intoxications,  and  they  ]ilay  a  very  prominent  part  iu  all  diseases  caused 
by  bacteria.  Aceoi*ding  to  their  activity,  these  protective  forces  may  be 
divided  int-o  f<mr  groujis:  the  first  pi*eveuts  i\\%t  eiitmuee  of  the  bactt'iia 
into  thr  ti.ssui's;  the  second  jnvvcnts  the  iinbmited  locnl  spread  of  the 
haeteria  which  have  already  begun  to  nudtiply;  the  third  prevents  their 
jjassage  into  the  blood  and  their  transjiortidion  (metastasis)  to  other 
parts  of  the  body:  the  fourth  hinders  the  intoxication  or  weakens  and 
rednees  it  lo  a  low  degree  of  power. 

For  the  jtrevcntiou  of  the  entrance  of  pathogenic  bacteria  into  the 
tissues,  the  latter  are  provided  with  those  peculiar  })owei*s  whieli,  as  we 
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have  already  mentioutsl,  art  also  competent  to  liinder  tlie  eutrauce  of 
dust:  and  in  the  nreomplishniotit  <»f  tliis  |MiiiMise  t\u'  prof  erf  itr  fjtithelial 
cftvfrimj.s  and  the  mucus  play  a  Vfi'v  iiiipnrlnnt  part.  In  llu*  respiratory 
traeL  tlie  mcvvmeitfn  of  fhf  lifittifff  fpithelium  furnish  eflieient  proteetion, 
while  ill  the  stoinaeii  the  fjusirir  jiiiim  nt-v  pffisouous  U>  many  ha^'tt'ria. 
It  is  eertjiin  that  many  hru-tt^na  ai'e  uot  able  t«  penetrate  the  unvuniided 
external  skin  or  tht*  unwimmlcd  iinu?ous  nuMuhraue  without  some  assis- 
tniKv  favoring  i-t>h>ni/.}itiiin  iukI  i*<'}a'ndu<*tion,  and  that  tlie  stomach 
seeretioiiH  iiiit  iiifrei|ueiitly  destroy  the  activity  of  the  Ijacteiia  (pueuiiio- 
eoeei,  eholera-spiriila)  or  even  kill  them. 

It  ap]M'ai*s,  also,  not  only  that  the  murus  sef'rete<l  hy  the  mucous 
niernbranes  ean  etivelo]!  the  luu'lena  in  it^  snlist«in.*e,  and  in  this  way 
hindi'r  their  euti'anuc  into  the  lissues,  Tnit  thmt,  what  Ls  more  imIM^rta^t, 
the  mu<-ns  aets  ujion  the  l»i4-teria  with  harmful  effect,  either  1hri>njih  a 
sul>stanee  whieh  it  i7oiitainK  that  is  injurious  to  them,  or  hy  produeinj:  a 
cultiire-medinm  uiifavondde  to  their  ^itwth.  It  happens  thus,  for  in- 
stance, oeeording  to  SaiiarcUi  ami  Dittrieh.  that  ]ais-er>eei,  eholera-spiriila, 
and  pneum*)-e«)eci  }ip*adnjdly  Icjse  their  virnlenee  in  tlie  lunens  and  die, 
while  iliphthcria-haeilli.  lis  it  api>eju>,  are  not  injured  l»y  the  niuens. 

Many  pathoj;enic  orjranisms,  therefore,  miiy  oittain  a  fo<ithold  upon 
the  skin  or  upon  sume  aeeessible  tnuiMHis  memltraiie,  nv  may  enter  the 
lun^s;  lint  comparatively  few  arnon^r  them  prodn^e  iiti  infection.  Inves- 
tigation has  shown  ivpeatcdly  tlnit  in  healthy  indi^iduid-s  there  are  fouud 
in  the  upper  respirati^ry  trai-t  and  in  the  month  not  otdy  harndess 
haeteria — i.e.,  tiios**  whieh  cannot  rcprodnee  themselves  in  the  lauiian 
tissues — but  also  those  which  can  unilitulitedly  r-ause  diMnise;  us,  for 
instnnce,  e<M'c-i  which  jiroilnec  pus,  itv  tlii>se  whicli  arc  eapabh-  of  produc- 
ing erouporis  inflannnation  of  tlie  bi!i(;s.  From  these  facts  we  ure  war- 
ranted in  tlrawiu^r  the  eonclnsi<pn  that  the  liacteria  which  are  found  uimiu 
the  nineous  irie[nlpran<-s,  ami  have  |M'rhaps  nniUi|ilied  at  the.se  sp<its, 
often  die  and  are  carried  away  witlmul  havin;;  [n-iMlnei'd  infeetion.  This 
is  probalily  wlnit  happens  in  the  ease  of  the  ahove-nann-d  cocei,  the  tuber- 
ele-bacilli,  ami  the  Imeilli  of  tetanus;  and  to  this  mimbcr  should  also  l>e 
wlded  the  spirilla  of  eholera,  which  suffer  when  in  contact  with  the  acid 
Kceretions  of  the  st:<imae]i.  Finally,  we  may  also  assume  tlnit  many  of 
the  iMitho^eiiie  bacteria  that  are  inhaled  into  tin-  alvpoli  itf  the  lunp*  do 
not  rca^'h  the  reprotluetivi'  sta|j;^e,  but  da-. 

If  the  bacteria  have  succeeded  in  cft'cctiuj;  a  lodj^ment  at  some  sjiot, 
and  have  be^nii  to  multiply — it  mattci-s  not  whether  they  4-ffcctcit  a  pii«- 
sa}4;e  throuij:li  the  epithelial  stratum  witleutt  aid  from  some  outside  source 
faii  in  the  case  of  lyjflioid-bacilli  and  chtdei'a-spirilht).  or  whether  they 
suceeetled  in  reachiu^jr  tin*  eonncctivc-tissiie  layer  by  way  of  some  snuill 
wouml  (as  in  the  r-ase  u\  tctauusdmeilli,  pus-cocci,  the  c<M*ci  of  erysijielas, 
and  tulicrclc-baeilli) — and  if  their  further  j>r<»*rress  be  characterized 
partly  by  local  lissue-di'strnetiou  and  partly  by  a  poisonini,'-  of  the  juices 
of  llie  liody.  tlirri'  umy  be  broufrht  into  action,  on  the  part  of  the^'cneraJ 
iirfjanism,  certjiin  counter-influences  m/oV/i  tithtr  nstntln  tin  finiher 
mulfififirnfion  t»f  iht-  luirfi  riti,  or  trpuknt  or  prrhups  n'pn  ufufr'ifh*'  ruutpUhl^ 
thf  /Kiis<ttis  pratiunti  hif  thittt.  The  tb*st-mentioned  inhibitory  influence 
nutst  natmndly  be  situated  in  the  local  surroundinp*,  and  dejrt'mls  either 
upon  tiie  vital  action  of  tbe  tissues  or  upon  the  action  of  eertAin  eheJuioAl 
substAnees. 

As  has  ali*eady  been  mentioned,  colonies  of  bai^teriB  produce  b^'wl 
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tUsne-degenerations,  inflamuiation,  and  proliferation  of  tissue — ^all  of 
which  are  processes  in  which  the  amount  and  the  conipositiou  of  the  fluid 
which  may  happen  to  Ik*  at  the  time  in  the  locality  undergo  a  change; 
and  similarly  the  cells  of  the  locality  also  become  altered.  Inasmuch  as, 
in  some  of  these  eases,  it  is  noticed  that  in  the  course  of  the  processes 
jnst  enumerated  the  bacteria  die,  and  that  upon  their  death  the  infection 
often  wases,  we  may  safely  draw  the  inference  that  the  cause  of  the 
death  of  the  bacteria  is  confined  to  the  locality  involved. 

The  prevention  of  the  spread  of  the  bacteria  and  their  destruction, 
in  the  spots  where  they  are  gathered  together  in  colonics,  has  been 
ascribed  by  many  authors  to  the  actiNity  of  cells  which  have  collected  at 
the  point  of  infection  ;  and  at  the  same  time  they  have  acknowledged  that 
the  process  tenned  phagocytosis — i.e.,  the  taking  up  of  the  bacteria  by 
the  cells  into  their  substance — plays  a  decisive  j>art  in  this  work.  Ac- 
cording to  Metschuikoff  and  others,  the  amoeboid  cells  of  the  body  carrj' 
on  a  war  against  the  foreign  invaders,  and  endeavor  to  ovei"power  and 
destroy  them.  Such  a  manner,  however,  of  characterizing  the  phenom- 
ena of  phagocj-tosis  amounts  simply  to  a  pot^ical  way  of  expressing  one's 
self,  and  docs  not  do  justice  to  the  essential  facts.  Its  faiUtiness  consists 
in  their  attributing  consciousness  and  will-jKiwer  to  the  amoeboid  cells  of 
the  body — i.e.,  to  the  leucocytes  and  tlie  nudtiplying  con nwtive-t issue 
cells.  These  attributes,  it  is  manifest,  coidd  not  possibly  )>eloug  to  these 
cells.  Scientifically  considered,  the  gathering  together  of  the  cells  at 
the  point  involved  in  the  disease,  and  the  subsetjucnt  phagocytosis,  are 
simply  an  expression  of  certain  forces  which  are  natural  to  tlie  amoeboid 
cells.  The  latter,  therefore,  in  obedience  to  thes*»  laws  of  their  nature, 
perform  certain  definite  nu)vements  when  they  arc  subjected  to  the  in- 
fluence of  mechanical,  chemical,  or  even  thermal  irritants.  "We  know, 
from  numewnis  investigations  made  by  Buchner,  i}abrits<*hewsky,  Leber, 
Ma^sar,  and  Bordet,  that  the  motile  cells  of  the  ImhIv  can,  by  means  of 
soluble  chemical  substances  in  certain  ctuicent  rat  ions  of  solution,  be  at- 
tracted or  driven  away,  and  S4mietimes  injureil  (see  the  section  tm  lu- 
flanmiation),  and,  further,  that  the  i^ontact  with  hard  bodies  can  stimu- 
late them  into  pusliing  out  protoplasmic  prolongations. 

These  phenomena  are  known  as  nejcative  and  positive  chemotropis- 
mus  or  chemotaxis,  and  as  tactile  irritability.  We  must  suppose  that 
the  bat»teria  multiplying  within  the  tissues  act  upon  the  amoeboid  cells 
through  a  chemical  substance  which  they  produce,  sometimes  repelling 
and  iujiunng,  sometimes  attracting,  and  in  the  latter  case  affording  con- 
ditions which  are  favorable  to  phag<K'ytosis.  Tliis  supposition  is  also  in 
harmony  with  the  actual  l>ehavior  of  the  cells  in  the  different  local  in- 
fections, since  in  one  caw  the  Imctcria  are  quickly  taken  up  by  the  cells, 
while  in  another  they  art*  left  nudisturbed. 

If  one  considers  pha4jociftosi,s  of  tlie  cells,  in  the  infections,  in  the  light 
of  a  process  natural  to  the  life  of  the  cell,  one  can  then  classify  it  only  as 
a  sjitrrific  procfit.s  ihsfhietj  to  farilifafp  the  tukhnj  up  of  uourhhimj  nmttrittl ; 
and  this  interpretation  would  have  to  suffer  only  one  exce|>tion.  and  that 
is  when  certain  micn>pan»sit cs,  themselves  |K»ssessing  amoeboid  motion, 
penetrate  by  their  own  movements  into  the  <*ells. 

The  result  of  the  devouring  of  bacteria  by  cells  depends  sometimes  on 
the  activity  of  the  devouring  cells.  st>metinies  on  the  j>eeuliar  properties 
of  the  microparasite.  and  ran  either  result  in  the  death  and  dissoIuti«>n 
of  the  parasite  or  in  the  death  of  the  cell;  sometimes,  also,  the  bacteria 
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live  quietly  in  the  eells,  tlnis  furnisltinji  an  example  of  a  symbiosis  of  the 
<*ells  with  tlir  imriisil<:s.  lii  tht;  lirjst  rasi'  tht.'  jiluipx'vtosis  may  prove  to 
be  u  c'ui'ativL'  protvss,  in  lliat  il  himiers  the  iiiiUtiplieatiou  ami  spread  of 
the  liaeterio.  In  tin*  s<*imhh1  ami  rliird  cjimi's,  f>ii  the  eoutrary,  the  phe- 
nomena are  useless  for  iiihibitinitr  tlte  further  disseminatiou  of  the  para- 
sites ;  in  taoi-,  there  are  cases  {leprosy,  and  to  a  t^ertain  depriH*,  also,  tuber- 
culosis) in  which  the  parasites.  fimUnir  thrrein  a  pn>per  cnltiire-medinni, 
inen^Hse  within  the  cells  and  finally  (Icstroy  tln^ni.  It'  Ihrst*  intVclcd  c«'lls 
remain  intact  for  a  certain  h'ngrth  of  time  they  may  waudei-  int*)  other 
rejijittn.s  and  in  this  wa}*  effect  a  mctaKtHsis. 

Phagocytosis  acts  as  a  proti*<'tivf  agent  only  in  a  limited  imniher  of 
cases,  yet  it  is  not  to  be  doubted  that  tlic  i)hagoeytes  in  certain  infee- 
tions  eaii  fake  np  not  oniy  dt'iul  or  dying,  but  also  living  bacteria  not  yet 
injured  Vty  ^^Lller  agents,  and  ean  cause  their  death.  If  n  large  uundwr 
of  cells  collect  in  the  infected  tissues^  they  may  on  this  account,  Ity  fill- 
ing I'ompJetely  tlii'  lyrnphnties.  prnduee  a  cei'taiii  nieehiniii'iil  obstrnelion 
to  the  spread  of  the  baeteriti ;  l»u(  llie  piMiteetion  thus  afforded  is  i'fe- 
ijueutly  insnflticient. 

If  tlu^  biu-teriii,  either  free  or  inclosed  in  cells,  pass  fmni  tin-  lyin- 
phaties  inift  Ihe  ftfinph-tj/ffiids,  tbi-se  act  im  filtfr,s,  aw  in  the  rase  of  (bist, 
and  retain  tlie  bai'teriai  stiil  tfiis  [trotection  suffices  only  when  the  bac- 
teria collected  here  an-  hinderetJ  in  their  re]>r(Mbietion  and  are  killed  l^y 
the  infiuence  of  theii*  surnHindings.  The  desti-netion  i*an  be  fully  ae- 
coniplislied  hei-e,  also,  under  tlu'  iiifinenee  of  phagoeytosjs;  but  this  is 
in  many  instanees  ]H>ssilile  only  after  the  baeteriii  are  weakened  or  have 
jili'endy  i>eeii  killed.  The  taking  up  of  living  Imeteria  hy  t!ie  eetiK  doe« 
not  always  give  i-ise  to  their  deiith:  in  fact,  it  is  fi-equently  followed  by 
an  intrai-enular  mulTiiilieation  ttf  tin*  baet-eria. 

More  jiow4'i'ful  than  pliagiwytosis  for  the  inliiliition  <d"  the  s]iread  of 
bai'teria  uml  otlivv  iniei'opHra>sites  is  the  aetiifn  of  eertain  chemical  sut>- 
Stances  found  in  solution  in  the  tissues.  Fui'tiiermort%  since  saproph\'tic, 
non-pathogenic  baeferia  injected  into  living  tihsucs  can  b«  killed  in  a 
very  short  tinu\  we  must  8U[ipose  that  there  are  in  the  tissues  substances 
which  are  poisoinms  to  numy  vtmeties  of  bacteria  and  can  cause  their 
death  rapidly.  Tlieu,  again,  since  many  jialliogenie  baeteria  devt-jojf  rtnly 
locally — for  exiitnple.  th**  tetanus-Iiaeilh,  diph(!iL'i'iu-tmi*ilii,  and  eliolera- 
siuriUa — and  after  a  certain  tinu-  die  witliin  the  infeeted  area,  without 
liaving  s]>rend  more  widely  in  the  boily,  so  is  it  v^'vy  probalih'  that  the 
tissues  of  the  lM)dy  contain  sul)stances  wliich  are  als(»  ihmsoiumis  for  many 
jutt/ifM/t/iir  fttrttts  of  Imrtiria  and  prevent  their  wider  diflfusion,  The  jihe- 
utmn-na  observi'd  tn  loea!  iiifeetnms  show  also  nhat  these  sniistanees  are 
generated  at  limes  in  increased  anumnts.  or  are  auguu»nted  in  their  aeiion 
by  newSy  produeed  poisimons  substanees.  It  is,  fin'tln'r.  also  jimbable 
that  the  crowding  together  of  cells,  which  takes  [daei^  eitln'V  in  the  in- 
fected area  or  in  lit*-  neighliorliood.  tends  to  increase  llie  prodnclimi  of 
these  poisonous  substances,  and  may  thus  impe<le  tlie  sju'eail  of  tlie  bai-- 
terift ;  nevertheless  atbiition  shoidd  lie  ilirccted  to  the  fael  that  in  som« 
infectifuis  the  sjireafl  of  the  bacteria  comes  to  a  standstill  (e.g..  in  ery- 
sipelas) in  certain  fdaccs  whtjv  tlietv  has  been  no  crowding  togetlicr  of 
cells.  It  is  II  fiwi  that  in  many  infectitms  the  spread  of  bw-teiia  in  the 
iMidy  by  nu'tastasis  cither  is  entii-ely  wanting  (as  in  tetanus  and  dipli- 
theria)  or  at  least  is  (piitc  insignifleant  ui  I'ompari.son  ^rith  the  local  iu- 
fei'tion,  ftn<l  is  foUoweil  by  r»datively  trifling  changes  (as  hapju-ns,  for 
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example,  in  typhoid  fever).  Now  the  explanaticni  of  this  fact  is  to  be 
w)iight  not  so  iiuidi  in  the  finMimstancH  tluit  Iwnl  cliantres  in  the  tissues 
httVf  liimlcreii  the  sju'ead  of  Mn*  liactcriii  int4j  Ihr  ]\  riipli-  and  bl(MKl-ves- 
uelt* — for  ill  stall  (.'(^,  l»y  tht*  prodnelioii  of  peniliar  I'hnnii'jil  siihstaneesj  or 
Uy  the  intro<lu('tion  of  some  mechanieul  iuiiKMlinii'Ul  such  as  would  result 
from  till'  buildinsr  of  a  wall  of  cells — as  in  tho  further  fa<'t  lliat  f/trrf  <irf 
prmfenf  in  the  hjmph  oiid  UiumI  itseif  forces  irhirh  art:  abir  to  injure  utul  ireaki'M 
the  barferitt  thut  futre  been  taken  in.  or  even  to  deKfroif  them. 

Some  iuvesti^atoiN  have  been  led  to  l>f'UfVi'  tliat  the  hostile  action  of 
the  blood  upon  burteria  depends  upon  tlif  pluiE;<H'vtii.'  action  of  tin-  h'U- 
coi'Vtes,  and  tliey  support  tliis  idea,  first,  by  tin-  fact  that  om-  Vi-ry  fre- 
quently eau  ivcopniKc,  after  accpiiivd  intVi-tion,  or  nftcr  one  artificially 
produced  by  the  tntioduetiou  of  tja^iteria  into  (be  MimkI,  such  a  plia^oey- 
tosis;  and  also  by  the  fnrtiier  fai-t  that  buctma  witltin  (he  blood — very 
many  of  thcni  eontained  in  eclls— are  earri^ni  ont  of  the  blood-channels 
ami  deposit^Ml  in  diverse  orffans — for  instiim-e,  in  the  spleen,  the  liver,  the 
bone-marrow,  and  the  kidneys — in  whitdi  they  die,  or  from  which  tliey 
arc  excreted.  These  observations,  h<»wever,  <hi  not  warrant  the  eonchi- 
sion  that  phajroeyto.sis  tVtrnis  in  any  way  a  |iroteetiiiti  a^ndnst  (be  spread 
of  l>iU'teria  in  the  lymph  and  blooil,  sinee  in  those  very  eiises  in  which 
the  haeteria  are  not  eaiTied  otT  in  tlie  blooii.  the  phajfoeytosis  is  absent ; 
whereas,  on  the  otlu-r  hmiil,  an  entrance  of  baetoria  into  the  bhHnl,  ami 
their  multiplieation  within  the  ve.NseJs,  ai*e  very  often  aecomj)aiii<'d  or 
followed  by  phaiu;ueytosis,  Ileiv,  to<»,  phagocytosis  is  a  seeondary  plie- 
nomeiion,  which  oeeurs  when  Imet-i'ria  or  prot^izoa  are  [tresent  in  the 
bUHKl,  »ii»d,  like  bland  dust-partieles,  are  not  able  to  hinder  tlieir  being 
taken  up  into  the  Iwidies  of  the  leneoc\'tes. 

When  bfietena  arc  taken  ii])  by  i-ells  they  either  tlie  or  continue  to 
uiuhiply  iusiile  tlie  cells;  ami  wliieli  itf  these  tw(>  courses  th**y  will  take 
depends  upon  their  peculiarities  anil  upon  the  I'lmdition  in  wliirli  they 
are  at  the  time  when  they  are  taken  u[*. 

Aeeordin^  to  the  researches  whieh  have  thus  far  been  made,  the 
power  which  is  al)le  to  jireveiit  tiu*  inereasi-  of  Ijacteria  in  the  blood  re- 
sides prineipuUy  in  antibacterial  chemical  substances  which  probably 
belon^r  to  the  alluiminoid  bodies  (Hiichner),  and  aeeordiny'ty  are  termed 
proftrtirt  aUtuwhtoni  hwlics  or  nffj-ins  (the  niycosozins  of  llankin).  The 
mode  of  pro(hii*tion  and  tlie  action  of  lliese  substances  an*  not  knowii, 
and  can  be  sptiken  of  only  hypothetieally.  So  far  as  eouelusitms  ean  be 
drawn  from  the  beliavior  of  the  hununi  and  aninnil  ortranisms  in  infee- 
tious  diseases,  we  may  assume  that  in  tlic  liumaii  orpmism  there  are  id- 
ways  pn^sent  eertain  protective  eheuiical  substanees.  and  that  otliers,  on 
the  eontrarj',  an?  produced  only  after  infection  has  tidicn  ]>hice ;  so  that 
not  until  a  certain  stjiy:e  in  the  eourse  of  an  infection  has  been  rea^'hinl 
is  an  inhibitory  inttuemM?  exert^'d  upon  the  development  of  the  baeteria 
by  antibaeterial  poisons.  Such  an  assumption  is  sii]iported  by  the  faet 
that  many  bacteria  (tyjihoiiJ-bacilU.  tlie  spirilla  of  eholera,  and  pus-eotvi) 
possess  tlh'ir  full  p<fwer  id'  virulence  when  they  are  first  distrihnted 
throujfhont  the  body  in  the  blood,  but  afterward  they  lose  their  viru- 
lence and  finally  ilie. 

The  protection  whieh  the  ahj-ins  i\f  the  hfootJ.  atTonl  tin*  organism  is 
restiieted  to  eertain  diseases — i.e..  to  those  iiifetrtious  in  whieh  the  lunlti- 
plieation  of  the  bacteria  is  tMinttued  to  a  limited  atva,  or  in  whieh  the 
ti-anspttrted  haeteria  have  lost  eousiderahle  vindenee.     On  the  eontrary, 
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in  many  itifw-tionstlit*  dejjvnprativp  actioii  of  the  hUtoiX  u^win  Uie  bacteria 
seems  to  be  eiil.irely  wantinfr,  oi\  whcti  it  is  jtn-wrnt,  is  cnsUy  overcome — 
ns,  for  instmicc.  in  tliow^  infi-i-tioiis  in  \vhi<'h  tin-  bii<*tena  multiply  iu  the 
MiMxl  itself  (anthrax).  Mini  nls<i  in  tlnist'  in  ■vvliirh  tlic  hueteria,  tliouffb 
iiul  inereasing  in  Ihe  I)1(mhI  (liittM-tionsof  luK'reulosis.  h/pru^aial  pyseiuia)^ 
show  no  (Iwreaye  iu  their  virulenee  after  nieta>>Tiisis. 

Tlie  proi^vtU'c  fn^trtr  wfiidi  the  orpinisni  [msst'ssfs  fnjuinst  thr  poisons 
prothtfui  ill  ihi:  Ha.^uts  !nf  htrffria  is  tit  l>e  fotiud  in  i\u*  ixkssihility  of  a 
rapid  excretion  of  the  poisons  by  thi-  kitltu-ys,  and,  mnler  I'crtii'in  eir- 
eunistaufi's,  tlimufrli  the  intestines  mid  tlie  skin  ;  and  the  iietion  of  these 
organs  in  snflieient,  in  eertain  ea^eK,  to  ju'event  a  fatal  ]>oisi»iiin^.  He- 
sides  this,  in  certain  infei'tions  tlici-e  is  evidently  an  jintiijiouistie  aetion 
<m  the  ]>aH  ttf  tlie  orpinism,  in  the  sense  tlnU  eertdin  poisons  are  n*n 
deiTd  inactive  or  iire  actually  destroyed  l»y  counter-poisons,  or  so-called 
antitoxins,  or  tlnit  the  t^>xins  ami  antitoxins  eomhine  to  pi*oduce  non- 
jxnsonotis  sulistanees.  or,  finaily,  tliat  the  products  of  im^tubolisin  of  the 
tissues  protect  the  htttiT  fforn  Ifn'  acticMi  of  (he  toxins.  It  is,  furthermore, 
possible  thwt  by  the  sjjread  of  bacterial  ]iroducts  throu^di  the  body  in 
eertain  cnneentnUion  the  tissues  ran  be  iiindc  imiumie  a^^ainst  the  sanu- 
product*,  or  also  ag:aiu»t  tlie  productts  of  other  baeleria  (see  §  29). 


The  manupr  in  wliieh  the  oreranism  can  nrotpct  itself  from  infection  cam  be 
treated  of  here  only  in  a  penerHl  way :  details  cannot  be  entered  uito,  from  the 
faet  that  in  connection  with  every  infeetiouH  disease  there  are  special  condititins 
of  which  it  is  iiupurtunt  that  even  a  jicrson  wljo  is  accurately  acquainted  with 
the  etiological  factor  in  the  <liscasc  alioidd  posttcss  s<i!iie  knowh'dcje.  The 
experience  acquired  iu  regard  t-o  one  infectionR  disease  vnn  lie  applied  only 
iu  a  liniited  manner  to  the  explanation  of  the  pathological  eondilions  fuund  iii 
another  disease. 

In  general  it  should  be  noted  that  we  arc  yet  far  removed  from  a  precise 
knowletigc  of  the  protective  clietnical  ftuttstanoes  of  the  body  and  their  mode  of 
action,  and  that  the  opinions  wliich  have  been  expressed  cannot  lay  claim  to 
beiiiijauythinjf  more  than  mere  h\^otheses. 

The  aHtifxtctena^  properties  of  thr  hUuid  and  (vmnA  in  relation  to  certain  l>ac- 
teria  have  been  estahhshed  by  the  experimental  researches  of  a  number  of 
authors.  Thene  experiments  tiave  shown  that  the  destructive  action  of  a  detinito 
kind  of  blf»od  is  exerted  only  upon  cert«in  spin-ies  of  bat-leria.  and  never  ujion 
all ;  and  that  this  action,  at  the  same  time,  is  subject  to  iiidivi<hml  variations. 

Aceordintr  to  the  investigations  of  Fodor,  Petmschkv.  Nuttal.  Ogata,  Bndi- 
ner,  Behring,  Nisseu,  Pansini,  and  others,  the  bluod  an«l  wrura  frmu  dogs,  rab- 
bits, and  white  rats  are  capable  of  making  the  anthrax-bacillus  powerless,  and 
even  of  killing  it :  yet  this  action  is  a  limited  one.  so  that  after  the  introduction 
of  A  large  number  of  antlinix-bacilli  Into  the  hlo<Ml  taken  from  the  blood-vessels, 
Ihe  bacilli  after  a  little  time  begin  to  multiply.  Detlbiinnted  blood  of  do^ 
and  rabbits  ean  destroy  the  cholera- spin  Hum  anrl  typhoid-fever  bficiJlus;  it  i«, 
hnwever,  powerless  against  various  forms  of  nus-cocci  an<l  against  pmleus ;  the 
same  statement  is  also  tnie  with  reganl  tn  the  blotnl-semm.  Human  blood  or 
blood-sernin  ean  cause  the  death  <hf  tvphuid-bacilh,  tliphthenn-Wicilli,  arid  the 
bacilli  of  glanders,  but  it  has  im  effeet  ui*i>n  the  tiacilH  of  anthrflx.  If  the 
bactericidal  properties  of  the  bliKul  are  exhausted,  then  these  bacteiia  grow 
bixurionsly  in  either  blood  or  serum. 

Kru.se  is  of  the  opinion  that  the  bacteria  produce,  besides  chemotactio  mh- 
stances  and  toxins,  still  other  injurious  substAnees.  ii/sinH,  which  can  neutralize 
the  ^exins  and  »c»  I'ender  it  possible  for  the  bacteria,  from  that  time  forward, 
to  g»:»  <>n  multiplying. 

Hankin  believes  that  the  alexins  might  be  produced  by  Ihe  leucocytes, 
es-pecially  by  tJie  eosinoi)hi1ous  cells :  but  it  would  be  difficult  to  sobstantiate 
this  h>'puthe8ia  by  actual  observations. 
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Eossel  holds  it  to  be  possible  tliat  the  nncleinto  aeid  })reaent  in  relatively 
large  amounts  in  the  leupopj'tes  plays  a  i»art  in  the  destrui-tion  of  thebactvria. 

Accordiiij''  to  the  opinion  of  Bitter,  the  bactericidal  substance  fonnd  in  or- 
^n8— that,  tor  uxfluiple.  which  one  cuu  derive  from  the  lymphatic  prlauds,  the 
apleeu,  aud  the  thymus  gland — is  to  a  uertain  extent  dilTorent  from  that  which 
is  found  in  the  blood  and  serum,  and  eonse4iuently  does  not  originate  entirely  in 
the  l)lo"d.  It  is  certain  that  the  bacteria-destroyin^j  power  of  the  blood  aud 
blood-stTum  is  not  the  only  proteetive  iutluence  wliich  can  resist  the  spread  of  an 
infeetton  or  prevent  it  entirely,  aud  can  confer  immunity. 

According-  to  Kmmerich  and  Tsnhoi,  ttie  l»actet^eidal  albuminoids  lose  their 
power  on  beinj;  mixed  with  alcohol  and  dried  in  luicuntil  -R)"  C,  as  alBobybein^ 
heated  :  thev  recover  it,  however,  when  tie  drie<l  mutfrinl  i»  (Hsdolved  in  water 
containing  from  O.Oo  to  0.08  per  cent,  of  potassium  or  sodium  at  39°  C,  and 
tlieir  activity  can  thus  be  j:rreatly  increased  (a  thousandfold). 

Acpordinff  to  the  observations  of  Czaplewski,  tlie  anthrax-bntilU  wliich 
have  been  taken  up  into  the  knieocvtea  degenerate  mon'  slowly  within  the  in- 
fiM'le<i  organism  than  do  thuKe  which  are  free  in  the  blood  or  the  tissue -tluids. 
It  appears,  therefore,  that  under  certain  conditions  the  cells  protect  the  hatHeria 
which  are  contained  within  them  from  the  buctericida]  substances  in  the  fluidft 
of  the  body. 


§  27.  The  heaHng  powers  of  the  human  body  arf  funtixht'd  hj  those 
fitnrtions  of  lift  whirk  <in-  fitful  to  vontpmstih'  for  thi'  ilvraiujt'Mfnh  and 
thaiujc.s'  pfodurfd  by  disrnsr,  aud  to  rvmUt'  hanultati  or  to  retnoif  alfinjeiher 
anij  harmful  a(frni  thai  ntaij  still  Itr  pretffitt  in  the  bf/dtf.  When  |x>rtions 
of  tissue  ure  destrt)ycd,  the  hialimf  eonsists  essentially  in  fhf  rfmoval  of 
tht  alierfil  and  dead  pari.s^  aud  in  the  rffdarfuunf  of  thfse  hy  nftc  fissur. 

If  from  any  cause  the  teni|»*i*ahire  of  thi*  IkmIv  is  aliimrnuitly  low  i>r 
abnormally  hij^lk  eompensation  is  effeeted  by  a  suitable  ivgiihitinn  r>i  the 
hent-produefiou  iuu\  beiir-dispcrsion,  as  a  n^sult  of  whi4di  fin-  tr7tiperatui*e 
of  the  body  is  unee  uKtre  restored  lo  its  normal  heijflit.  If  u  jKH-tion  of 
tissue  is  destroyed  by  a  tnmnvatisni,  the  <u')^imism  can  repiiir  the  defect 
either  by  the  produetion  fif  new  tissiu-  on  the  spot  (rft/rnrrafion),  or  by 
providing  a  marked  iuc'reui*e  in  other  similar  tissues  [vompemfatm'y  hyper- 
trophy). 

If  poisons  have  ent^^rod  tlie  body  nml  luive  ]>ro<ltieed  s_\Tnptoms  of 
poisoiiiii^,  tliere  are  only  two  ways  in  wliieh  healintr  '•Jm  it'sult — -namely, 
throuji'h  the  removal  of  the  |M>iso]i  by  1he  exeretory  organs,  (tr  thnmgh 
lia  bein^  ehuii^od  jiud  mude  harmless  witliin  tlie  Isniy.  At  the  same  time 
tlie  damage*!  tissues,  iiinlei*  the  itiliuenee  <jf  a  nonnal  uutntion.  ajjain  re- 
ceive a  normal  orpinizatioii.ainl  any  defeets  tlmt  may  renniin  are  in  due 
tiinc  eompeiiKuti'd  iuv. 

In  infeeH(tns  the  healing  pruees-ses  follow  din-etly  on  the  action  of 
the  protective  forces ;  indeed,  the  aetion  <if  the  latter  constitutes  the  first 
stage  of  the  healing  process.  Conse4iueiitly  the  pnttective  and  the  hetd- 
ing  forees  are  in  a  measure  idtMiticaJ.  If  the  alexins  snceecd  in  hinder- 
inj?  the  fpxtwtli  of  the  bacteria.  an<l  llicn  if  the  weakened  Imctcria  are 
dissolve*!  and  desti-oyed  in  th(^  tinids  of  the  tissues  or  within  the  eells» 
the  Hrst  st<*p  in  the  healing  process  will  bav*'  been  taken,  iimsinueb  as 
the  rauaa  tjffirieu.t  lias  been  removed.  If  by  the  niassinj;  together  fif  cells 
in  the  inftM'ted  tissues  a  i)rotective  wall  is  formed  iig^nnst  the  spivad  of 
the  bacteria,  or  if  the  hitter  are  retained  in  tb4-  lymph-glamls  and  de- 
stroyetl,  then  (bese  pbeiionuMm  may  also  he  looked  upon  as  procprtses 
which  usher  in  the  healing.  In  a  similar  manner  the  it^moval  of  the 
poLsons  or  the  bacteiia  which  have  enti-red  the  blood,  by  way  of  the  ex- 
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cretory  or^us — tlu'  kiihu-ys,  the  livor,  and  tlie  intpstines — not  only  lurts 
as  ft  pi-otertioii  Hj^iiiiist  further  lonilizatitm  of  the  Imetenu  nml  a^ninst 
iucreftgtfd  int^>xi<.'Htioij,  Jnit  also  makes  possible,  thi*oufjh  the  removal  of 
tiie  noxiouH  mat^riuly,  the  restoration  of  the  injured  tiNj*«eH. 

In  niuny  iufeetious  diseases  tlie  healing  action  of  the  pi*oteetive  agents 
already  in  tlie  hfidy  is  suppletnenteil  hy  the  ttppeuntncf  on  fhe  »renf  of  new 
sulMftHtrfs^  furfifjit  to  tin'  luinuttf  onjnnistu,  ithirh  coust'ttntt' a  sort  of  eotintvr- 
poison  ftt/Kthh'  of  irifhsffintliiit/  tftt-  rsi.<tinfj  inffrtiini  ttnfl  hitoxt'ittion  ;  for 
wliieh  reaniMi  these  substaufeis  are  teriiRMl  antitoxins.  These  aiiltairo- 
nistiv  piiiHous  jire  produced  eitlier  by  the  cells  Hud  the  blood — liolli  of 
wliieh  have  been  altered  by  the  iiifeetion  so  as  to  perform  othtM*  life- 
proeesses — or  by  the  liaeteria  themselves;  they  spread  tbrou^rh  the  body 
by  way  of  the  tlssue-jtiiees,  and  thus  form  an  impediment  to  the  farther 
sprea4l  and  inerense  of  the  bacteria. 

The.se  antii^onisti<'  hmlies  act  in  one  of  two  ways:  they  either  hinder 
\\h'  repj'(HluctioH  of  the  iiHctvriM  and  kill  tlieiii.  or  tliey  alter  Hiid  reiuh^r 
Imniih'ss  the  bacterial  poisoiis,  or  they  enmbine  with  them  to  produce  an 
inacfivt'.  nou-poisoiions  .subsljOH'e.  Many  thinirs  tend  to  hIhjw  (ef.  §  20 
that  there  are  infeetious  iu  wliicli  the  Imi'tertal  toxins  and  toxalbumins 
or  the  antitoxins  prt'Sfiit  in  tin*  liody.  produce  su*di  rhaujres  iu  the  tis- 
snes  that  they  become  inmiuno  from. or  i]ion-i>oiKonable  by,  the  coiTespoud- 
iii^  iTifeetioii  <>r  iiitoxieatitm — i.e..  they  are  insensitive  to  the  action  of 
the  hiieteiial  products. 

The  eaurte  of  heftling' in  infeetioos  diseases  is  most  frequently  referable  to 
the  fact  that  chemical  substances  produce  nn  antagonibtic  Hctiona<rainst  the  in- 
toxication, ttnd  the  bacteria  are  prevented  from  any  further  spread  and  thus  die 
out.  The  aasiun[>tiou  is  also  warranted  that  iu  niauy  cases  the  bacteria  surnvo 
anil  eontinuH  ti»  pntduc**  poisHUniUK  matters,  wjiit^h,  however,  remain  Imrudess  in 
cnnaequenee  of  an  increaseil  power  of  resistance,  on  the  part  of  the  organism,  to 
bactenal  poisons.  This  assumption  is  strenfrthened  by  (he  observations  which 
have  been  made  in  connection  with  the  acquiring  of  inununitv  from  particular 
disposes  (see  $  29),  also  by  the  fact  that  pathogenic  bacteria  which  produce 
acute  diseases  are  present  for  a  long  time  in  the  tissues,  and  reproduce  thetu- 
selves,  after  the  morbid  symptoms  have  disappeared  or  at  lea^it  have  uuirkeilly 
deerf'ased.  In  intUvidual  cases  the  theory  appears  admissible  that  a  lack  of 
nroper  nutritive  material  produces  tlie  death  of  bacteria;  this  bein^  true,  per- 
haps, in  the  case  of  localized  areas  of  infection  (tuberculosis),  in  which  bacteria 
remain  for  a  long  while  inclosed  in  tissue  which  is  tlead  and  which,  with  the 
lapse  of  time,  is  inidfrgoin^  alteration,  and  from  which,  consequently,  they  are 
imablo  to  escape  and  Hn<l  a  new  sourct'  of  food. 

Emmerich  believes  that  tiiprf  is  in  tite  bknul  a  certain  albuminoid  body, 
which  is  characrterized  hyadociduoua  atomic  grouping  easily  capable  of  reaet- 
ing-,  ti)  which  he  pives  the  name  immuniftz-proirin,  and  which  combines  with  the 
bactrrifttoxins  to  produce  an  albuminoid  hodv  of  complex  moh-cidar  gronp- 
invr— the  immitnittf-toiittftrotrin.  It  is  claimed  that  tins  substance,  which  is  sup- 
posed to  be  present  in  the  blood  and  lymph,  [lenetrates  info  the  bacteria,  and 
hen'  is  broken  up  into  it.s  original  conijponent  parts.  Then  it  is  further  claimed 
that  the  ba<'t«'riotoxiii  which  is  thus  set  free,  acting  perhaps  wilfi  the  aid  of  the 
imnmnity-protein.  destroys  the  bacteria. 

It  has  often  beou  assumed  that  the  ferrr  present  in  infectious  diseases  is  a 
process  which  favors  the  destruction  of  the  tmcteria,  and  it  is  not  impossible 
that  in  imUvidual  cases  it  exerts  such  a  beneticial  iuttuence.  Thus,  for  example, 
it  ia  easy  to  believe  that  a  parasitic  micro-organism  that  easily  cnilures  a  tem- 
perature of  :i7-38'-^  0.  (9S.6-1(KI,4°  F.l  may  not  endure  one  of  40-41^  C 
(104-105.8°  F.),  and  oonse^iuently  that  high  fever-temperatures  would  he  likely 
to  hinder  its  powers  of  reproduction.  In  general  it  is  safe  to  assume  that  tlien* 
is  no  necessity  of  fever  t'orthe  equalization  of  the  morbid  distnxbauces,  and  at  all 
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events  that  the  hftrm  which  it  produces  is  not  co\juterbal«nced  by  anv  good 
which  may  thereby  he  accomphahtd.  And  eveu  iu  Ibosi*  oasos  in  winch  the 
metaboliHni  which  i^*}*in  on  during  the  fyvi^r  pn)duces  upon  llie  bacteria  a  dele- 
terious influence,  it  is  not  peruiiftsible  to  considnr  this  as  something  uKeful  which 
tifaould  be  credited  to  the  fever.  One  could  only  say  that  a  portion  of  the  mor- 
bid processes  taking  phice  in  the  course  of  an  infectiouti  fever  induces  the  forma- 
tion of  L'ertain  products  of  chemical  decomposition  which  act  in  an  antibacterial 
manner. 


V[.  Congenital  and  Acquired  Predisposition.- 
munity. — The  Acquirinfr  of  Immunity. - 
tions. 


Idiosyncrasy  and  Im- 
Immunizing  Inocula- 


§  28,  It  is  an  old  observation  tUut  lilfffnitt  iufHr'ulHah  are  tUt'ersely 
digpose<l  toward  ejtternal  harmful  agrhtn.  In  a  certnin  number  of  eases 
tliis  differener  di'peuds  upon  the  (jnurftt  rousiitniioit — '\x'.,  ujifni  the  gen- 
end  rendition  td*  thi*  Imdv;  in  utbt-r  cases  tliefe  are  Joatt  rouiiitiitiis  that 
jfrodurt'  these  dilTrri'Hi'es  iri  lu'havior.  Fiirtliertiiure,  the  dilTcreuces  may 
lie  roiujntttnf  and  htatimj,  or  they  may  Ite  anptinfl,  and  iirv  Uieu  often  a 
trau,'<i*iff  /iffffiitrnft/  of  tlie  spcfinl  imlividual. 

If  an  individutil  is  miirkedly  stiseejitible  to  the  awtion  of  a  cert.ain 
diseiLse,  this  iMnuiiti*)!!  is  t^M'iiied  a  prfdiajmnititm  to  thut  luirtieiilar  disea.se. 
If  an  individual  shows  an  es]»ecial  suseeptibihty  to  a  partieidar  external 
inrtuence,  which  is  much  more  marked  than  the  sujsi'eptibility  then't^> 
which  is  seen  in  the  majority  of  mankind,  and  .^io  eonstitut*'s  an  individ- 
ual i»pr_'ultHnly,  it  is  L<M'mi'd  an  tiliosi/urraxf/.  If,  mi  the  routrjiry,  mm 
individual  is  insustn-ptibh'  to  the  ad  ion  af  an  iujnrions  force,  sn  that  the 
symptoms  of  the  disease  <lo  not  ajipear  even  wht*i»  the  indiWdual  exposes 
himself  to  this  luirtieular  injurious  influence,  the  ci>udition  is  termed  I'w- 
ntuuitij^  au<l,  according  to  its  }j:radt\  it  nniy  Ijc  distin^iislied  as  a  rtUttitr 
or  an  nhsofutf  itumutn'fff. 

Predisposition  haa  a  prt^it  influence  over  the  iM;<|tdrinp  of  iufeetiouH 
diseases,  and  als(»  phiys  a  proiniut-nt  part  in  tlie  eausatiou  nf  unmerous 
other  diseases.  Tn  one  iiistanee  it  is  founded  on  (;feueral  constitutional 
conditions,  in  another  on  tliose  which  are  simply  local ;  and  l>esi«les  it  may 
be  a  lasting  nv  a  transient  iiiicnoini'intn.  Mankind  has  a  stroiig-  predis- 
position to  measles,  stnallfiox.seHrlet  fever,  elinlera.  typhoid  fever,  nndana, 
tuberculnsis.  and  syjthilis;  and  consequently,  in  those  eai*es  in  wliich  the 
protective  forces  against  infection  that  belonj^  naturally  Ut  ever}'  man 
prove  to  W  insuftleient,  an  infeetioii  would  In;  sure  to  follow  ex])osniv, 
at  leant  in  the  gi-eat  majority  of  instanees.  It  may  also  be  ajiisinned  that 
the  grmU  of  sttsnptlhUift/  for  these  di.seases  is  not  ftfunfhj  fjnnt  hi  ttU  htrii' 
ridiuils,  and  tluit  //  lutri'-.H  in  the  same  pfison  at  tUfferettt  timea.  Thus  in 
epidemics  of  measles  certain  4'hildren  wIh>  are  expose*!  to  infection  esca])e, 
and  later  in  life  are  taken  ill  during  some  subsequent  epidemic — a  eir- 
eumstance  which  in  nmny  eases  c«n  V»e  explained  (udy  by  the  suppofiition 
that  the  indiviilual  wa.s  f<tr  the  tinu'  but  slightly  susi'eptible  to  measles. 

For  the  aetjuisition  of  many  infections  a  jK'cnliar  loral  pretHsp/mtion 
is  often  necessary,  which  is  jjained  by  }nval  fissne-^'hanffeM,  such  as  wounds^ 
excoriations,  and  the  formation  <if  uh!ei*».  In  smdi  cases,  therefore,  the 
disease  Hp|>ear&  as  a  wound-infectton. 

To  this  class  belong  many  forms  of  suppuratiinis.  erysii>ehL^,  Manns, 
hydi-oplu>bia,  and,  iu  part,  tubereidi)sis,  syphilis,  ^danilers,  anthrax,  and 
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other  diseases;  and  altlioujrli  any  of  these  ilJseases  niHV  oecHKiurially  V>o 
j.ii*(>ducoii  V»y  iufH'iion  throu^'Ii  iiitiict  mucous  niombrano  or  skin-  or  liinj^- 
tissue,  in  tlie  nmj<n-ity  uf  rjiscjs  a  Ininiiititii'  injury  4*r  an  iilrfmtton  I'm*- 
nishes  tlit?  requirt-d  hntu  miuoris  rf\sisfmtift  (itnii  uliicli  tlie  inf(^'tion  cah 
take  its  start.  Tims,  for  instam-f,  tlie  suppnrativi'  inHairnuati(»ns  pro- 
duced by  the  so-railed  pus-cix'f.'i  ar**  mostly  diseases  wliiclj  originate  in 
wounds,  exroriiitions,  or  nlt'ers ;  and  in  Hit*  hist  catw?  thi'v  often  ivj)i*esent 
wrondary  infct-tions,  wliic^h  fi)llow  other  infci'tions  tlitit  have  resnltiMl  in 
the  iinxluclion  of  uleers.  FurtlnTtuore,  they  arr  freijiu-ully  encountered 
in  sKiiir  pjirt  of  the  ^eiiitiil  iipjHiralns  itfter  parturition^ — i.e..  in  tissues 
Aviiii-h.  by  reiisitn  of  the  t-bihlbiilfi.  are  torn  av  rnisbeil,  or,  throufrh  the 
rulthin;;^  off  of  the  ej)itheliiim  iiiid  the  superrteijtl  hiyers  cd  tlte  eonuective 
tissue  (as  in  the  uterus),  aiv  laid  open  to  tlie  invasion  of  bacteria.  Sini- 
itfirly.  erysipeliLs  and  tetanus  arc  ilisi'ase>i  wliicli  oi-clinarily  ih-veloj)  from 
snnill  wounds,  and  (lie  infeetion  ealled  by^b'^^pbobia.  is  ulniost  always 
caused  by  the  l>ite  <if  an  atiitiial  having  rabies.  Finally,  we  nuky  also 
assume  thai  the  virus  4>f  tiiben-nlosis  or  syphilis  vcty  often  enters  tlie 
tisHues  only  where  a  liM-al  h-nion  lni«  taken  plaee. 

The  ju'edis]iosition  to  diseases  which  are  not  of  an  infectious  oriiofin 
is  timnifested  piirlicuhirly  in  those  morbid  atfeetions  which  4H-cur  as  the 
result  tjf  tivcr-exertioji,  as  e.vljaustive  couditioiib ;  and  aUo  in  those  which 
are  the  i*e«ult  of  temperatuiv  variations,  such  a*  the  diseases  due  to 
eliillin^^  of  the  body  4ir  to  the  effects  of  heat-.stn>ke.  But  this  preilispoNi- 
tion  may  als<i  play  u  prominent  part  in  still  either  diseiit»i^s.  as,  for 
instance,  in  various  forms  i>f  [wnsoning.  Mental  labor  and  psychical 
irritalioiis,  of  whii-h  Innnan  life  is  full,  can  pr»Hbii-<'  illness  in  predi.sposed 
individuiUs — i.e.,  in  (hose  %vho  have  a  certain  weakness  or  impert\»ct 
ix'sistinjr  power  of  the  i^cntral  ner\'oiis  system  when  subjeetcd  to  the  de- 
mands nmth^  upon  it;  while  in  the  majority  id'  men  the  sjimc  amount  of 
work  will  do  no  hann.  It  is  well  kn4twn  that  the  funeti<mul  capacity  for 
work  of  the  mnst*les  is  very  different  in  different  individuals,  and  that 
consequently  many  are  easily  tiird  ;  it  is  also  known  that  many  aiv  verj' 
susceptible  1<.i  heat  and  eohl.  Illness  and  death  fnan  heat-stroke  occur 
only  in  a  small  pereentap^  td  individuals  who  find  themsi'lves  situated  in 
exactly  tlu'  .same  eircimistances — i.e..  in  those  wh<^  under  the  I'omlilions 
named,  are  unable  to  endnii*  the  strain  laid  upon  them.  By  chilling  i>t 
the  entire  bttdy,  or  mf  eertain  portions  of  it,  which  the  nlaj4^rity  of  imli- 
viduals  can  bear  without  receiving?  Imrm^  many  are  iiuide  ill,  mid  there 
are  individuals  who  have  an  excessive  susceptibility  to  intluences  of  this 
nature. 

The  weakened  i>ower  of  resistance  to  outward  inflnenecs.  ami  the  easy 
exhaustion  from  work,eiinstitute.  in  many  eases,  an  individual  peculiarity 
of  I'onjjreuital  origin — a  peculiarity  which  sometimes  apjieai*!*  oidy  in 
idiihlhdod  and  is  then  oulp-own,  and  sometimes  p*'mHt>i  thi*onj»bou1  life. 
In  other  eases  it  is  an  ne(|uired  state,  wliicli  shows  itself  espe<'iaUy  iu 
eonvalewence  from  severe  illness,  and  j^nulually  disap^K'aI•s.  Under 
4'ertain  conditions  it  nuiy  prove  to  be  a  permanent  sequela  of  the  illness 
out  of  whi<'h  it  deveh)petL 

Idiosyncrasy  iu  regard  to  eeitJiin  injurious  iuflueucos  is  generally 
eonjreidtid;  at  times,  however,  it  is  an  aoiinired  ]M'culiarity  of  eertain  in- 
div'*'  If  in  most  peculiar  ways.     Thus,  for  example^ 

'T  of  salad,  produces,  in  certain 
have  an  aversion  t<i  eating 
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dishes  prepared  from  liver  or  IridneyB,  and  become  ill  if  they  compel 
theinsHvcs  U>  cat  of  these  f<M)dH.  Still  ofh(M*s  liavi*  a  ])i'euliar  diseu>se, 
called  urlieuria,  afU'V  eatiu^  (.THufisli,  lolistei-,  sli-uwljerries,  ra-spberi-ies, 
morels,  or  u,si)ara|?us.  The  dist^ase  is  i*haruett*rized  by  it^^hy  whoal-fornm- 
Uons,  <'hni*arU*ri.sti('  -skin-Iesioiis,  or  abdoininiil  cnniips  and  vomiting.  Not 
a  few  persons  nw  nimble  to  drink  lK>ilrti  iiiilk  wilhoiil  t'xpeneuciug  troul>le 
tlieivfrom.  iVleohol,  even  in  ven"  small  doses,  may  in  eei-t-iiju  indiWduids 
pnMlncc  inarkeil  exeitation,  or  evfu  uun-usis.  or  marked  vaso-niotor  d<!- 
raugemeuts.  Tlie  drinkini,'  of  fiK-itu  can  ]>nHiun.*  eardialg:ia  and  dyspep- 
tic, symptoms.  Dost's  nl'  morphine  or  cljlrtroftirm  tliat  are  borne  by  the 
majority  of  mm  witlunit  injury  iniiy  iiroiluei',  in  certain  indivielniils, 
s<*vi*re  .syjni»toms  or  even  deutli.  Washing  tlie  skin  vritli  disiulVcting 
fluids — as,  for  example,  with  sublimate  or  earlM*lie-aeid  solutions — in  a 
Btrength  nsiially  borne  williiHit  tninblc.  may  emise  not  only  loi-al  de- 
rangements of  st^isation  and  iullLimniatiou.  but  also,  under  eertiiin  eir- 
cumstances,  an  eczema  which  sprei^ils  nvcr  the  greater  part  of  tlie  lK>dy. 

On  what,  in  particidar  cases,  the  idiosyiiera-sy  dejH'uds  is  nut  eh-ar. 
In  iriany  cast's  we  may  ]ook  upon  a  ])eciihar  irritabiHty  of  certain  ]torti<»Uft 
of  tfie  nervous  system  as  the  cause  of  the  s;y^nptoms.  In  iR-tpiired  itlio- 
syuerasy — with  rcgai-d,  for  instance,  {a  the  t-aking  <»f  efli*taiu  foodfi — 
psychical  fiictors  may  tjlay  a  part. 

Immunity,  like  pit'disposition.  is  a  pecidiarily  which  plays  an  essen- 
tial role  in  tlie  pathogenesLs  of  the  infectious  diseases,  and  the  term 
'Mmirninity  "  is  nsed  to  characterize  the  iH-havior  tif  an  individtnd  with 
regard  to  infection.  If  a  pers<»n  is  so  conslituted  that  the  parasites 
under  PtmsideratitJii  i^atiuot  grow  in  Ids  tissues,  this  etmilition  is  termed 
imninnity,  in  the  narrow  sense  of  the  term  ;  if  the  peculiarity  of  the 
indivitbial  is  of  sncli  a  nature  that  the  iioisuus  prcMbiced  by  the  bat'teria 
are,  for  him,  harmless  and  ]>roduce  no  elTc<'f,  one  speaks  of  it  lis  insus- 
ceptibility to  poisons,  and  uses  this  term  alwt)  in  cases  where  a  {ktsou 
shows  speeial  powers  of  resistance  when  exposed  to  the  inHiiem-e  of  other 
I>oisons — as,  for  instance,  thus*^  whieh  eome  fn»m  the  phanerogamous 
[ilants  or  from  aninmls. 

Imniuuity  and  insusceptibility  to  the  p<>is<nisof  itifi-etiims  and  tntoxi- 
eutious  are  partly  congenital,  ]>artly  ac(pured,  and  form,  where  tliey  havtj 
existed  from  birth,  a  p^'culiarity  which  may  hchmg  to  all  men,  or  may 
Iw  possessed  by  oulv  a  few  iiulividuaLs.  Abm  is  immune  from  various 
inf(»ctious  diseases  tlint  are  common  to  domestie  aniTuals — for  instance, 
liogeholeni,  symptomatic  anthrax,  anil  heu-eholera^while  he  is  suseej)- 
tibhi  to  the  iufeelii)n  of  antlirax  and  gbunlei-s.  So  far  as  tuberculosis  and 
actiuomyeosis  are  coiuTerned,  lie  is  just  about  as  susceptible  b>  iid'eeticm 
as  aiv  Iweves,  sheep,  goats,  nmt  swine.  There  is  an  apparent  immunity 
from  scarlet  fever  in  the  ease  of  n  large  niindier  ttf  persums;  and  eveti  as 
regards  uieasles,  smallpox,  cholera,  and  iuHiieuza  there  exists  in  many 
persons  a  relative  immunity.  At  all  events,  it  hapj>eiis  that  only  a 
relatively  .small  pe?*<'entHi^e  of  the  population  aeipiire  scarlet  fever,  and 
also  that,  in  regicms  where  eholern  and  measles  ai)pear  repeatedly  as 
epidemics,  a  portion  of  the  populutiuu  escape — a  eircum.stance  which  can- 
not be  explained  by  the  statemetd  that  these  persons  did  not  happen  to 
come  iu  eontact  with  the  infective  poison  which  is  necessary  for  the  pro- 
dnction  of  thedis^'ase.  but  nuist  be  as^^ribed  in  part  to  the  fact  that  their 
bmlies  were,  at  the  time  the  virus  entered,  not  receptive,  or  at  least  were 
oidy  sliglitly  so,  so  that  the  imtnral  resistant  power  of  the  body  was  able 
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to  prevent  the  infection-  It  cannot,  however,  be  determined  in  these 
cases  whether  this  iminnnity  was  absolute  and  general,  or  whether,  at 
the  point  of  infection,  there  were  special  local  conditions  which  caused 
the  infection  to  be  suppressed.  It  is  an  interesting  fact  that  the  escape 
of  an  individual  who  has  been  often  exposed  to  infection  during  an  ejti- 
deniic  is  no  guaranty  that  he  possesses  a  lasting  immunity,  since  experi- 
ence has  shown  that  infection  may  take  place  during  a  later  epidemic  or 
later  on  during  the  same  epidemic.  The  immunity  may  therefore  be 
temporary  and  at  the  same  time  only  relative ;  and  it  is  probable  that  at 
certain  times  a  stronger  predisposition  may  be  present. 

Concerning  natural  immunity  from  the  effects  of  poisons,  or  natural  lack 
of  susceptihilitif  to  poisonSj  we  know  little  at  the  present  time ;  still,  witli- 
out  doubt,  many  poisons  are  only  poisonous  to  certain  organisms,  and  it 
is  probable  that  mankind  is  relatively  insusceptible  to  many  poisons  that 
are  deadly  to  certain  animals.  This  is  true,  for  example,  with  regard  to 
the  toxic  proteids  and  the  organic  bases  which  are  derived  from  bacteria 
and  also  from  higher  animals  (serpents)  and  plants.  If  one  takes  into 
consideration  that  many  animals  are  slightly  or  not  at  all  susceptible  to 
poisons  which  act  powerfuU}'  upon  the  human  body — that,  for  instance, 
tlie  hedge-hog  is  not  susceptible  to  the  cantharidal  poison  and  to  the  bit« 
of  poisonous  snakes ;  that  birds  experience  no  bad  effects  from  atropin 
and  opium,  nor  goats  from  lead  and  nicotine ;  and,  finally,  that  dogs, 
rats,  and  other  animals  used  in  experiments  show  a  relatively  greater 
resisting  power  to  bacterial  poisons  and  also  to  vegetable  alkaloids  than 
does  the  human  being — it  seems  very  probable  that  the  converse  may 
also  be  true.  From  this  it  would  be  proper  to  conclude  that  the  natural 
insusceptibOity  of  man  to  many  of  the  infectious  diseases  of  animals 
rests  upon  his  powers  to  resist  the  toxalbumins  and  toxins  wliich  the 
bacteria  belonging  to  these  diseases  produce. 

The  acquisition  of  relative  or  absolute  immunity  from  poisoning  hy  certain 
infecting  germs  and  poisonous  substances  is  generally  produced  by  either  a 
single  infection  or  intoxication,  or  by  repeated  infections  or  intoxications, 
which  leave  behind  such  an  effect  upon  the  body  that  it  is  no  longer 
susceptible  to  the  corre.sj)onding  niiero-organisms  or  poisons — in  other 
words,  that  it  can  no  longer  be  made  ill  T)y  these  micro-organisms  or  poi- 
sons. Besides,  it  often  happens  that  the  fact  of  an  individual's  having 
passed  througli  an  attack  of  an  infectious  disease  confers  on  him  a  rela- 
tive or  absolute  insusceptibility  to  a  disease  which  is  closely  related  to  it. 

The  great  importance  wbicli  natural  predisposition  and  immunitv  possess 
with  reference  to  the  origin  of  infectious  disease8  is  conflrmed  not  only  by  the 
consideration  of  the  spread  of  plagues  among  men  and  animals,  but  much  more 
by  numerous  experimental  researches.  If  a  mixture  of  diverse  bacteria  is  in- 
jected into  an  animal,  only  a  part  of  them  develop  and  produce  tissue-change ; 
the  others  die.    If  the  same  mixture  be  injected  into  another  animal  of  a  different 

rcies,  the  bacteria  which  develop  will  be  of  different  varieties  from  those  which 
eloped  in  the  first  instance.  Further,  a  certain  kind  of  Schizomyeetes,  inocu- 
lated into  a  certain  species  of  mouse,  produces  certain  death,  but  when  the  same 
kind  is  injected  into  another  species  of  mouse  it  proves  harmless.  Mice  are 
very  susceptible  to  anthrax ;  rats  are  nearly  immune.  The  poison  of  the  so- 
called  septiceemia  of  rabbits  kills  with  absolute  certainty  rabbits  and  mice ; 
guinea-pigs  and  rats  are,  on  the  contrai*Vi  immune,  while  sparrows  and  pigeons 
are  susceptible  to  the  poison.  The  spirilla  of  relapsing  fever  can  be  successfully 
inoculated  only  in  apes.  Gonorrhoea,  syphilis,  and  leprosy  cannot  be  success- 
fully inoculated  into  any  species  of  animals. 
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Diiferent  animals  of  the  same  species,  but  of  different  a^s,  show  dissimilar 
behavior  in  this  regard.  Young  dogs  are  easily  infected  l>y  anthrax  (Koch), 
while  old  ones  are  not. 

Diverse  experiments  have  shown  that,  by  suitable  action  upon  the  tissues,  an 
existing  immunity  from  the  effects  of  a  cerUun  infection  can  be  rendered  power- 


According  to  Roger,  f  the  natural  immunity  of  rabbits  and  pigeons  in  re- 
spect to  anthrax  can  be  overcome  by  injecting  the  non -pathogenic  Bacillus  pro- 
digtosus  at  the  same  time  that  the  antlurax  is  inoculated.  The  effective  agent 
in  this  procedure,  according  to  this  author,  is  a  decomposition  product  of  the 
prodigio8Hs  that  is  soluble  in  glycerin,  and  that  produces  a  modifying  action  on 
the  organism. 

According  to  Oottsteiii,t  guinea-pi^  may  be  made  susceptible  to  the  sub- 
cutaneous injection  of  hen-cholera  bacilli,  in  respect  to  which  they  have  a  nat- 
ural immunity,  by  previously  injecting  subcutaneously  substances  which  dis- 
solve blood- corpuscles,  as  hydracetin  or  pyrogallol ;  and  he  is  of  the  opinion 
that  toxic  substances  which  make  men  or  animals  susceptible  to  infections  act 
chiefly  through  their  power  of  dissolving  the  blood-corn uscles.  According  to 
Leo,  f  white  mice,  wluch  are  immune  in  respect  to  glauaera,  may  be  made  sus- 
ceptible by  mixing  with  their  food  a  slight  amount  of  phlorrizin,  which  produces 
a  toxic  diabetes. 

According  to  Canalis  and  Morpurgo,  ||  pigeons  may  be  made  susceptible  to 
anthrax  by  hunger. 


The  BpeckU  diseases  to  which  the  new-bom  frequently  succumb  (aside  from  those 
which  begin  in  intra-uterine  life)  are  dependent  partly  upon  a  pathological 
weakness  of  the  entire  ox^nism  (especially  in  those  bom  prematurely),  partly 
upon  the  particular  surroundings  in  which  they  are  placed.  Asphyxia,  which  is 
of  such  frequent  occurrence,  may  either  originate  from  a  weakness  of  the  body 
or  from  pathological  influences  exerted  during  delivery.  Infectious  diseases 
may  l>e  acquirea  from  infection  through  the  cord,  or  through  the  accessible 
mucous  membranes  and  the  respirator)'  apparatus,  during  the  passage  through 
the  parturient  canal.  Haemorrhages  are  dependent  partly  upon  traumatic  in- 
fluences during  birth  and  partly  upon  circulatory  disturbances  and  infections. 
Ictems  in  the  new-bom  is  sometimes  the  result  of  a  change  in  the  mode  of  nu- 
trition (reabsorption  of  the  bile  out  of  the  meconium)  j  sometimes,  however,  it 
is  the  result  of  infection. 

Children  are,  according  to  the  observations  of  medical  men,  more  susceptible 
than  groicn  people  to  many  infections  ;  this  is  particularly  true,  for  instance,  with 
regard  to  whooping-cough,  diphtheria,  measles,  and  scarlet  fever.  In  this  con- 
nection it  should  be  noted  that  the  slight  liability  or  the  immunity  of  many 
grown-up  people  is  due  to  the  fact  that  they  became  immune  through  having 
had  the  ilisease  during  childhood.  Further,  it  is  to  be  remarked  that  children 
are  more  exposed  to  certain  diseases — for  instance,  tuberculosis — than  grown 
people. 

In  advancing  years  hemorrhages,  softening  of  the  brain  and  heart,  cancerous 
growths,  and  the  formation  of  gall-stones  are  especially  frequent.  Arterial  dis- 
eases, designated  bv  the  term  arteriosclerosis,  and  also  gout,  are  seen  already 
in  the  later  years  of  middle  life.  This  iyredisposition  in  old  a^e  to  certain  diseases 
depends  in  part  upon  degenerative  processes,  associated  with  early -developed 
senility  of  the  tissues ;  in  part  also  upon  tlie  circumstance  that  certain  effects 

•  Sirotinin,  "  Die  Uebertragung  v<m  T^•phusbacillen  auf  Versuchsthiere,'' 
Zeilschr.  /.  Hyp,,  L,  1886. 

f  "  Contrioution k  Tetude  experimentale  du  charbon  symptomatique,"  Reiue 
de  mid.,  1891. 

t  "Beitragezur  LehrevonderSeptikamic,'*  jD(?H?jtc/w  med.  Wochenschr.,  1890. 

%  "  Beitr^e  zur  Immunitatslehrc,"  Zeitschr.f.  Hyg.,  vii.,  1890. 

II  "  Ueber  den  Einfluss  des  Hungers  auf  die  Empfanglichkeit  fiir  Infections- 
krankheiteu,^  Forfschr.  d.  Med.,  viii. 
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which  years  bring  with  them  ^rradiially  accumulate,  so  that  flnally  thenlterations 
wbich  they  produce  become  so  prominent  that  they  lead  to  disturlmnce  of  func- 
tion, and  ultimately  to  rei'Oirnizable  morliid  conditions.  In  general  it  its  U>  be 
observed  that  many  patholo^cal  s>nuptoins  of  old  ajfe  are  seeoudarN-  diseases, 
whifh  show  themselves  <)nly  after  other  tissue-ehaugea  litive  reached  a  eertain 
de^ee.  We  may  niiMititiu,  for  example,  hteniorrha^s  of  the  a^d,  senile  pan- 
grene,  and  softening*  of  the  brain  and  heart,  resviltingf  from  morbid  processes  in 
the  arteries. 

The  f/redisjioftHion  of  Ihe  sexts  to  special  diseaseJi  depends,  in  the  first  place,  upon 
the  peculiar  construction  and  special  functions  of  the  ifenital  or^^ans ;  the  cou- 
ditiotis  present  in  prejjnaney  and  duntiK  the  puer^)erium  furaishinK  a  specially 
favorahV  field  for  many  ihseases,  as,  for  instance,  mfeetions  from  woirnds.  In 
general  the  diverse  relations  of  the  sexes  to  certain  diseases  an*  explained  by 
the  differences  which  exist  between  men  and  women  as  regards  their  respective 
modes  of  earning  a  livohhood,  and,  further,  by  the  differences  in  the  resipective 
habits  of  the  sexes, 

IHfferenceM  in  /Ay?  predispo>titian»  of  differmt  racen  are  shown  ill  such  diseaaes 
as  malaria  and  dyseuterj',  to  which  negroes  are  in  general  less  liable  than 
Kiirupeans.  The  Japanese  are  said  to  be  more  susceptible  to  beri}>eri  than 
Europeaiu. 


§  '2<).  The  acquiring  of  immunity  with  respect  to  a  particular  in- 
fectious disease  ia  a  thing  of  freiiuent  ucciu-rt- lire,  uud  has  been  kmnvn 
by  cliuieul  observers  to  be  a  well-established  fact  for  u  long  time  past. 
This  fin't  is  estiiblisln-d  priuripally  by  the  observation  that  the  gi'eater 
niiTiiber  of  men  are  ill  only  once  with  iiny  <d"  l]w  inl'i-ctions  such  ai* 
measles,  smallpox,  wliooping-eoiigli,  scarlet  fever,  and  diphtbena.  and 
(bat  after  siicli  an  nttark  tlit'V  itMnain  exeni]ft  from  tlie  intim-Mrv  of  this 
particidur  disease  even  when  they  expose  llu'niselves  Jii  all  s<irts  i>f  ways 
to  tlie  danger  of  eoiitraettng  it.  The  knowledge  id'  Ibis  fact  is  tdd,  uud 
early  in  the  eigbteentli  eeiitnry  it  gave  rise,  in  the  Orient,  to  atteniitts  to 
produee  in  men  iiiiiiinnity  against  the  natural  contagion  of  sirmlljmx  by 
the  inoeulatiou  of  material  from  tlic  piistulei*  of  the  disease.  In  the  lat- 
ter part  of  tlie  !a»t  eentiuy,  Jcnncr  discovered  that  the  dis4ase  called 
eowiK)x — i.e..  a  milder  form  of  ji*ix,  which  is  either  a  s|jeeia]  variety  of 
diseasi'  closely  jtllied  to  hunniu  sniiUlpox.  or  a  we'aker  form  of  the  latter 
— also  lifTordcii  jn-oteelion  against  llie  true  smallpox.  As  a  result  of 
tbis  observHliofi.  since  the  beginning  of  the  year  1706.  at  lirst  by  dentier 
himself,  and  afU-r  him  by  fbe  prnrlifiomrs  of  all  the  eivilized  world,  niti- 
tieiiil  iiinenlatious  of  i'ow|m>\  have  Ijeen  carried  out  u|ton  millions  of 
nn'U.  and  with  the  result  that  thfough  these  Juoeulatioiis  a  high  degree 
of  imtnunity  fniui  the  true  snnillpox  has  been  .seoured,  so  that  at  the 
present  tinn-,  in  coinifries  where  vae'cination  is  practised  uiiiv4Tsally,  we 
no  longer  have  the  cxtniordiuHrily  wiile-spi-eud  epideinii's  uf  snmllpt>x 
which  were  constantly  4)eeuiTing  iti  fonuer  yeai*s.  nor  does  the  disease 
any  longer  assume  the  form  of  a  dangenuis  epidemic. 

The  investigations  with  regard  U)  the  causes  and  origin  of  infectious 
diseases  which  have  be4-n  uudertnken  during  the  hist  ten  or  fifteen  yeai*s. 
ami  which  bjive  eovei*e<l  smdi  a  rennirkably  wide  cxleot  i>f  patbologienl 
ferritin y.  have  shown  that  the  acquisition' of  immunity  against  a  cer- 
tain Infectious  disease  is  acquired  by  a  person's  having  once  passed 
through  an  attaci<  of  that  disease,  and  that  this  nuide  of  aeqiuriug 
irnnuiuity  li<tlds  good  f^u*  a  numlterof  infectious  disea^'S.  especially  those 
which  run  an  acnt^'  eotirse;  furthermore,  that  ihis  immunity  is  souietiuies 
u  transitory.  S4>metiines  an  enduHug  i>eeulittrity  of  the  individi 


PREDISPOSITION   AND   IMMUNrCT.  83 

biis  had  su(!h  an  attack  of  the  disease ;  and,  finally,  tliat  when  a  pregnant 
woman  acquires  immunity  she  may  transmit  it  to  her  child  jm  utero. 
These  ol)ser\'ations  have  also  shown  that  the  inoculation,  performed 
either  once  or  repeatedly,  of  attenuated  pathog^enic  bacteria — i.e.,  of 
bacteria  which,  on  account  of  their  decreased  virulence,  produce  a  disease 
that,  in  contrast  to  the  natural  infection  with  bacteria  of  full  virulence, 
is  merely  a  trifling  affair,  often  confined  to  a  circumscribed  area — can 
also  l>estow,  upon  the  individual  so  trt>ate<l,  immunity  with  regard  to  the 
corresponding  disease.  It  has  even  1>een  demonstrated  that,  for  the  pro- 
duction of  insusceptibility  to  a  certain  disease,  it  suffices  to  inject  cer- 
tain cliemical  sui>stances  produced  by  the  l>acteria  of  that  disease. 

In  explaining  how  immunity  from  an  infectious  disease  is  acquired 
through  the  fact  of  once  having  had  the  disease,  or  by  inoculation,  we 
can  as  yet  give  only  hypotheses ;  but  it  is  a  matter  beyond  dispute  that 
the  last  few  years  have  brought  great  increase  to  our  knowledge  concern- 
ing the  forces  which  effect  this  immunity,  and  we  have  now  reached  a 
point  where  we  at  least  know  in  what  direction  further  researches  should 
be  made. 

Aft^r  Pasteur  had,  in  1880,  by  experimentation  proved  that  chickens 
could  be  made  insasceptible  to  chicken-cholera  by  inoculation  with  at- 
tenuated chicken-cholera  poison,  and  after  it  had  been  establisiied  by  the 
repeated  researches  of  various  authors  that  similar  results  could  be 
obtained  with  anthrax,  symptomatic  anthrax,  and  hog-cholera,  they 
believed  they  could  explain  acquired  immunity  by  saying  that,  through 
either  the  inoculation  or  the  first  overcoming  of  the  particular  infectious 
disease,  the  food-material  in  the  body  had  been  destroyed  (Pasteur, 
Klebs),  and  consequently  that  the  bacteria  which  entered  the  body  later 
were  unable  to  find  food  for  themselves.  This  theory,  termed  the  ex- 
haustion theory^  does  not  agree  with  the  observed  facts,  and  consequently 
at  present  it  is  generally  no  longer  advocated.  Metschnikoff*s  view  that, 
in  consequence  of  the  preventive  inoculations,  the  mesodennic  cells 
become  accustomed  to  the  inroads  made  upon  their  substance  by  the 
previously  undisturbed  vinilent  bacteria,  and  that  when  the  latter  are 
again  introduced  they  quickly  take  them  up  and  destroy  them,  cannot  in 
any  wise  be  considered  as  an  hypothesis  possessing  scientific  foundations. 

According  to  the  facts  which  have  been  ascertained  by  investigations 
concerning  the  natural  protective  powers  of  the  body  against  infections, 
and  concerning  the  natural  mode  of  recovery  from  such  infections,  as 
also  by  the  experiments  made  with  regard  to  protective  inoculation  and 
with  regard  to  the  artificial  healing  of  infecitive  diseases,  it  is  very  prob- 
able that  the  acquired  immunity  is  dependent  upon  the  presence  of  certain 
chemical  substances  which  are  either  poisonous  to  the  particular  variety  of 
ttncferia  under  consideration,  or  in  some  mminer  or  other  render  harmless  the 
jHtisonous  products  forhied  by  these  bacteria.  (This  is  known  as  the  poison 
thfory.)  It  remains  an  unsettled  questi(ni,  however,  whether  tliese  sub- 
stances are  the  product  of  the  bacteria  or  of  the  body-cells;  further, 
whether  the  abolition  of  the  pois(mous  action  of  the  bacterial  toxalbu- 
mius  and  toxins  results  from  their  destructive  decomposition,  or  from 
the  formation  of  some  harmless  combination  of  these  substanoos,  or  from 
an  immunizing  of  the  cells  with  respe<'t  to  these  particular  poisons. 

Some  light  is  thrown  upon  this  questiim  by  the  ]>ast  experiences  in 
regard  to  the  different  ways  in  which  it  is  possible  to  obtain,  not  only  in 
experimental  animals,  but  also  to  a  certain  extent  in  the  human  being. 
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immunity  ns  ifpirds  eert^iin  infectiouft  distenaes.  S4)me  further  li^ht  is 
also  ot)titine(l  from  oxpmiiuMiU  <.'(m<*eniiiig  the  artiiirial  hi'aliii|r  t>f  in- 
fections whirh  have  already  beuome  manifest.  As  heivtuf<ire  stuteil,  it 
is  possibU*  iu  aiiiinals  to  produce,  in  agreement  with  the  results  itbtaitied 
by  Jeuner'H  eowjuix  iiioi-ulittictn.  an  iniiuuiiily  Ibnui^h  i\w  inoculation 
of  attenuated  specific  di^ase-g:erms.  Tins  Ihls  heen  aeer»ni]^trshed  in 
anthrax,  U>y  instance,  in  Hyniptonmtie  anthrax,  in  ehicken-choh'ra,  in 
diphtht'ria,  and  in  swine-jdagut*.  Aeeordin^  to  the  researehes  of  I'a-steur. 
an  imiuunily  against  hydroiihohia  ean  be  iirodnr'e<l  in  man  by  the  injec- 
tion of  the  poison  in  an  attennat-i'*]  form,  even  aCter  infeetion  by  tlie  bit« 
of  a  rabid  animal  has  taken  plare. 

The  weakening  of  tin?  vindenee  of  baetrria  in  prodneed  either  by  the 
aetiiin  of  high  teniperrttin*e.s  or  by  that  of  ehemi<*al  a^jents,  or  hy  the  air 
only;  furtlier,  it  is  als*j  ]iroduee<l  liy  the  inoeuhitiiin  nf  eeriain  iininials 
witli  the  baeteria.  and  by  loug-eitntinned  euUivation  of  them  on  urtifltdal 
media.  Iiuieidatittn  is  generally  i-arrind  out  by  injecting  first  markedly 
attenuated,  then  less  attenuated,  and  tiually  t'ulJy  virulent  baeteria,  along 
with  tlii'ir  prnducts,  beneath  the  skin. 

Aeeording  to  the  investigations  of  Sabrion,  Sniitli,  Pasteur,  Foi, 
Bonome»  IVrdrix.  Charrin.  Koux,  rhairdierland.  Singer,  (.'.  Krankel, 
Klemperer,  and  others,  innnuidty  may  be  produced  by  the  injection  of 
Sterilized  cultures  in  which  the  contained  bm-teria  are  dead.  The  dis- 
eases which  !nrty  be  warded  off  in  this  nuuiner  are  the  following :  Ameri- 
can Iiog-ciiolera,  symptornatic  anthrax  in  cattle.  dii)htheria.  the  infectious 
disease  produced  in  rabbit.s  by  the  inJ4'ction  of  thi-  JinfiftKs  pifitvtjtuuHS, 
and  tlie  infVetion  produced  in  guincH-pigs  experimentally  h\  fholera- 
spii*illa.  Probably  tlie  inmninizing  substances  are  contained  iu  the  cell- 
substance  of  the  bacti'ria  (Hricger,  Kitiisato,  Wassennann). 

A  third  fitrni  of  artjfieial  iminimizing,  which  l^ayiiaud  tned  as  early 
as  in  1877,  but  which  was  tirst  secnivly  established  by  I3ehrin^  in  1890, 
ean  be  produced  by  the  injection,  into  an  cxin-riun-iital  animal  or  even 
into  rjuin.of  blood-serum  taken  from  animals  which  were  previously 
susceptible,  but  which  had  been  artlflciaUy  rendered  immune  by 
means  of  inoculations.  Tin-  most  t-xtcnsive  and  at  the  sanu'  time  tlie 
most  sui'i-esst'ul  ••xpt'rinn'nts  thus  far  made  have  related  to  fihunts  {Kita- 
salo,  Tizzoui,  liiiehner)  and  tfipfitheria  (Behringl — that  is,  to  diseitses  in 
which  the  mo.Kt  striking  feature  is  an  intiixictitioti  by  means  of  toxidbu- 
nnn.s.  Hesiile.s  these,  re|>ort»  have  been  ]nd»lislied  <d'  successt'id  ex]>eri- 
ment*«  with  the  blood-serum  of  imninnized  animals  in  croui»ous  pneninonia 
(Emmeneh,  Foi,  G.  and  F.  Klcmpcrcr),  eh<i]cra  infecti<in  of  guinea-pigs 
(G.  Kh'ni[)erer.  Issaeff),  swine-plague  (Kmmcrieli).  ami  antln-ax  (Ogata). 

As  the  result  of  his  researches,  Hchnngconcliules  that,  ''if  an  individ- 
ual has  bcni  iirtificiiilly  rrndrrcd  insusceptible  to  a  ccHaiii  disease.  In** 
blood,  as  well  as  the  scrniii  which  I'un  l»'  separated  from  il.  has  thereby 
ac.'(piired  the  jxiwer  t<»  comninnicate  Ilit-  e4indition  of  iinrnuuity  to  hu  in- 
dividual of  the  sanm  species  who  is  susccptihlc  t(»  flic  same  infections 
disease,  provided  it  be  intPHlueetl  into  his  system  in  n  nuffichut  ipuwlitij."* 

According  to  the  obsi'r\*atiotis  which  have  thus  far  been  published,  (lie 
specific  protection  which  the  bhMjd-scruni  afft»rds  can  be  secured  not  only 
by  injections  which  are  nmde  Ind'orc  infection  takes  place,  but  also  by 
injections  which  are  made  after  infection  has  already  occurred;  thus 
justifying  us  in  sfjcaking  of  the  scrum  not  only  as  a  prodftirf',  but  mIso 
as  a  healimj  scrum.    Further  experience  has  also  sho^m  that  both  for  the 
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prevention  and  for  the  cure  of  a  particular  infection  a  certain  amount  of 
serum  is  necessary,  the  precise  amount  depending,  on  the  one  hand,  upon 
the  severity  of  the  infection,  and,  on  the  other,  upon  the  acti\-ity  of  the 
serum  itself,  which  inci-eases  with  the  eomplettness  of  the  immunizing  of 
the  original  susceptible  individual  who  furnished  the  serum.  If  the  in- 
jection is  not  made  until  after  the  infection  has  occurred,  the  amoimt  of 
serum  injected  must  be  greater  the  longer  the  time  which  has  elapsed  since 
the  infection  took  place. 

How  the  senmi  produces  immunity  cannot  yet  be  accurately  deter- 
mined :  the  active  protective  agent,  however,  is  a  definite  substance  which 
the  serum  contains,  aiid  which  mav  properly  be  called  an  antipoison  or 
antitorin.  The  chemical  nature  of  tliis  substance  is  not  known  precisely, 
but  it  is  probable  that  it  belongs  to  the  albuminoid  bodies.  Its  mode  of 
action  in  tetanus  and  diphtheria  is  manifested  in  one  of  two  ways:  it 
either  destroys  the  specific  bacterial  poisons  (Behring),  or  it  protects  the 
tissues  against  the  action  of  the  bacteria  (Buchuer,  Tizzoui,  and  others) 
— that  is,  renders  them  insensitive  to  their  action.  It  is  therefore  more 
proper  to  term  the  so-called  healing  serum  immunizing  serum^  and  that, 
tmi,  even  when  it  is  used  for  tlie  first  time  after  the  infection  has  taken 
place,  since  also  in  such  eases  the  action  consists  in  immunizing  tliose 
ti.ssuea  which  have  not  yet  become  infected.  In  certain  cases  the  action 
of  the  healing  serum  may  lie  in  the  destruction  of  the  bacteria,  as,  for 
instance,  in  the  case  of  the  infection  produced  by  the  pneumococcus 
(Emmerich). 

The  origin  of  the  immunizing  substance  in  the  blood  is  still  an  unsolved 
problem.  One  may  suppose  that  it  is  the  product  of  an  especial  activity 
of  the  cells  of  the  infected  organism ;  yet  it  is  very  difficult  to  reconcile 
this  theorj'  with  the  fact  that  these  substances  which  produce  immunity 
protect  only  against  the  particular  form  of  disease  in  whose  com-se  they 
have  originate ;  the  tetanus  antitoxin,  for  instance,  being  active  only 
against  tetanus,  and  the  diphtheria  antitoxin  only  against  diphtheria.  It 
is  better  to  explain  the  phenomena  by  the  supposition  that  the  antitoxins 
are  substances  which  are  produced  by  the  bacteria  themselves,  or  that  the 
bacteria  at  least  provide  the  material  for  the  K.akiug  of  the  antibody. 
Buchner  is  of  the  opinion  that  the  antitoxins  are  specific  bacterial  ceU- 
substances.  On  this  tlieor>'  the  immunization  by  means  of  healing  serum 
woiUd  be  effected  in  somewhat  the  same  manner  as  it  is  by  the  injection 
of  sterilized  or  attenuated  bacterial  cultures.  The  distinguishing  char- 
acteristics of  the  different  modes  of  immunizing  may  then  be  stated  as 
follows:  in  the  injection  of  attenuated  cultures  (vaccine)  the  production 
of  the  immunizing  substance  occurs  partly  in  the  eiUtures,  partly  in  the 
person  inoculated ;  in  the  injection  of  sterilized  cultures  it  takes  place 
only  in  the  cultures ;  and,  finally,  in  injections  of  the  so-called  healing 
serum  it  takes  place  in  the  animal  from  which  the  serum  is  obtained. 

For  the  foundation  researches  in  regard  to  attenuateil  inoculation  cultiures 
grown  in  culture-media  outside  of  the  body  we  must  thank  Pasteur,  who,  in 
the  year  1880,  discovered  the  fact  that  by  the  inoculation  of  cultures  of  chicken- 
cholera  bacilli,  which  had  become  attenuated  by  remaining  for  a  long  time  in 
the  air,  chickens  could  be  made  insusceptible  to  this  disease. 

Since  that  time  numerous  experiments  have  been  carried  on  with  other  forms 
of  bacteria — for  example,  with  attenuated  anthrax -bacilli,  with  s\-mptomHtic 
anthrax- bacilli,  and  also  with  the  poison  of  rabies— for  the  purpose  of  ascertain- 
ing whether  immunity  in  respect  to  other  infections  might  be  obtained.    The 
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best  results  have  been  obtained  from  inoculations  of  cattle  a^inst  sjniiptomatic 
antlirax.  The  retiiUts  obtained  by  the  inoL'ulation  of  anthrax  luivf  bueu  less  huc- 
t'esafiil,  a  portion  of  fh«  nniiiuiLs  dying  fri>ni  the  incM-uhition,  while  in  othen*  no 
abwilute  ininnmily  was  i>Hairied  agraiiiJil  a  new  anthrax  infection- 

iSheep  and  cattle  may  be  made  insuseeptible  to  anthrax,  and  most  easily  in 
the  foUowintr  maimer  (Koch) :  they  are  first  iuoeulatod  witii  attenuat'od  bacilli 
which  will  kill  nn<.'e,  but  not  ^iiiuca-pi^» ;  then  with  biK-illi  which  will  kill  ^^uini^- 
pig-s,  but  notstronpr  rabbits. 

Aft  vaccine  against  symptomatic  nuthnix,  bacteria  sliotdd  beenipl4)yed  which 
have  been  attenuated  bv  heat  or  by  chemical  affents,  such  as  sublimate  stdu- 
tlons,  thymol,  eucalyptol,  and  nitrate  of  sil%-er;  and  by  inocidatious  of  this 
character  cattle  may  be  i-endercd  inunune.  At  tlie  present  time  Jieat  is  most 
cODUDonly  used  in  pi-eparing-  the  vaccine  (Hess,  Kitt).  A  piece  of  infected 
muscle  is  taken  from  an  animal  that  1ms  died  of  symptomatic  anthi-ax,  and 
chopped  tnlo  snirill  bits;  then  it  is  mixed  with  one  half  its  wcipht  of  water,  and 
8qm*eze<l  throiij^h  si  tincn  cloth.  Finally,  the  fluiil  is  ngniu  filtered  thrrtugh  a 
moistened  piece  of  linen.  This  "virulent  maBsiiitrst  spread  upon  prlass  plates  or 
flat  dishes,  and  lh<'n  trnn.'^fen'ed  to  a  dry  chamber  where  the  temperature  is  kept 
at  from  32'  to  35'  (J.  (89.()^  to  95'  F.).  *  When  thorouffhly  dried  the  -v-irus  may 
be  scraped  off  and  removed  iti  the  furui  of  a  powder.  If  one  wishes  to  produce 
material  for  iniH-nhttion  from  this  virnletit  vims,  it  should  be  triturated  with 
double  iti  weight  of  wmIit,  and  this  Huid  is  then  to  1m'  steamed  in  a  thermostat. 
By  raising  the  temperatun*  to  100^  C.  (2U1-'  F.)  during  six  hours,  one  gets  a  weak 
immunizing  materiah  by  the  nctinn  of  a  temperature  of  So*'  V".  {IHo'^  F.)  for  six 
hours,  n  more  active  preparation  is  produced.  For  immunizing  an  ox  or  a  cow, 
about  0.5  gramme  of  a  thin  watery  s(fluti<m  *tf  the  weak  vaccine  sluiuld  be  in- 
jw^ted,  prefiirabiy  into  tlie  siibentaneons  cellular  tissue  near  the  animars  tail ; 
and,  after  the  lapse  <tf  from  eight  to  twelve  d-iys,  the  stronger  solution  should 
be  injected  in  a  similar  manner. 

Hogs,  according  to  Pasteur,  may  be  made  iususceptible  to  inoculation  with 
vinilent  hogcholem  bacilli  bv  the  employment,  as  vaccine  material,  of  bacilli 
which  have  become  attenuated  through  a  series  of  inoculations  i>f  rabbits.  Ac- 
coriling  to  Emmerich,  i-abhits  may  be  made  insusceptible  to  swuie-erysi]ielaft 
bacilli  by  tin?  injection,  int4»  the  veins  of  the  ear,  of  small  amounts  of  virulent 
bHcilli-cuitures  diluted  tifty-fold  with  water. 

For  animals  susceptible  to  diphtheria,  immunitv  may  be  pror-ured,  according 
to  Behring,  by  the  injection,  into  their  ahdominnf  ca^Titv,  in  small  aiuotuits  (3 
cubic  centimoti'es),  of  cultures  of  diphtheria-bacilli  which  have  been  attenuated 
by  exposing  them  for  sixteen  lH)ursto  the  action  of  irjdine  trichloriilc  (t  to  5()(1) ; 
anil  then,  after  the  lapse  of  three  weeks^  by  the  emploJ^ne^t  of  anotfier  injection 
containing  a  diphtheria-culture  (0.2  ciihic  centimetre)  which  has  been  permitted 
to  grow  for  four  days  in  bouillon  to  which  iodine  trichloride  (I  to  5500]  bos  been 
added. 

According  to  Kmmerieh,  rabbits  may  be  mride  completely  iiisuseeptible  to 
pnemnococci  by  mjectiona,  first,  of  0,3  cubic  centimetre  of  a  strongly  virulent 
bonillon-cultui*e  diluted  in  the  proportion  of  1  to  5000,  and  afterward  of  bouillon- 
cultures  of  full  virulence. 

l*rot€)ctive  inoculations  against  nibies  are  resorted  to  only  after  the  individ- 
ual has  actually  been  bitten  by  u  rabid  aninud,  and  the  practice  is  employed 
chiefly  in  Franco  (at  the  Pasteur  Institute),  in  Russia,  and  in  Italy.  For  in- 
oculation purposes  it  is  customary  to  employ  the  spinal  coni  (desiccated  in  dry 
air  at  a  temperature  varying  frtun  '2iV  to  25"  C— (3.4-  to  77^  F.)  of  rabbits  iu 
whom  the  disease  has  been  created  artificially.  By  means  of  this  drying  pro- 
cess, continued  for  a  period  of  «1>out  fifteen  days,  the  cord  pnidually  loses  ita 
poisonous  chami'ter.  Accortling  to  Protopop<iflF,  it  is  not  so  much  the  dr>'ingsa 
it  us  the  heat  which  diminishes  the  \Tnilenee  of  the  poison.  From  this  piece  of 
spinal  cord,  possessing  diminished  poistinous  properties,  small  bits  are  liiken  and 
nibbed  up  in  sterilisred  chicken-broth.  Simie  of  this  mixture  is  then  injected  be- 
neath the  skin  of  the  person  who  has  been  bitten;  only  a  vcrj'  wcak 
being  employed  at  tii*yt,  but  afterward  the  strength  being  gradun 
It  is  PasteuFs  opinion  that  the  spinal  cord,  under  the  cond*t 
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ounsidermg,  contains  partly  microbes  and  partly  a  specific  poison  which  they 
have  produodd ;  and  tnat  this  poison,  if  it  become  distributed  throughout  the 
body  more  rapidly  than  are  the  microbes,  will  confer  on  the  organism  im- 
munity from  tne  effects  of  a  subsequent  invasion  of  these  microbes,  and  espe- 
cially will  protect  the  nervous  system.  It  is  therefore  necesear>',  if  we  wish  to 
secure  the  desired  degree  of  immunity,  to  introduce  into  the  system  as  large 
quantities  as  possible  of  the  chemical  poison.  The  published  reports  of  the 
institutes  in  which  the  Pasteur  protective  inoculations  against  rabies  are  made 
warrant  the  conclusion  that  these  inoculations  do  actually  prove  effective  in 
warding  off  an  outbreak  of  rabies. 

According  to  the  observations  of  Chauveau  and  others,  it  is  possible,  in 
making  protective  inoculations,  to  adopt  the  plan  of  injeotiug  virulent  bacteria 
in  very  small  quantities,  or  in  such  a  manner  that  they  shall  not  be  injurious  to 
life.  In  symptomatic  anthrax,  for  example,  this  result  may  be  obtained,  in  oxen 
or  cows,  by  injecting  very  small  quantities  of  the  fluid  into  the  extremity  of  the 
animal's  taU ;  these  injections  not  causing  a  fatal  illness,  but  merely  some  local 
disturbance. 

If  we  inject  into  the  tip  of  the  ear  of  a  rabbit  the  bacilli  of  mouse-senti- 
ccemia,  from  a  pure  culture  which  would,  under  ordinary  inoculation,  Irill 
rabbits  in  &om  forty  to  seventy-two  hours,  there  is  produced  a  progressive  in- 
flammation of  the  slan  which  does  not  kill  the  animal,  but  which,  in  from  tiiree 
to  four  weeks,  produces  an  immunity  from  the  effects  of  future  inoculations. 

According  to  the  researches  of  Schuetz,  cattle  may  be  rendered  insus- 
ceptible to  contagious  pleuropneumonia  by  injections  of  the  tissne-iuioes 
obtained  from  the  lung  of  an  animal  suffering  from  the  disease,  provided  only 
a  short  time  shall  have  elapsed  since  it  died  from  the  disease  or  was  killed,  and 
provided  the  injections  be  made  into  the  tail.  There  is  produced  by  this  means 
a  localized  inflammation,  or  one,  at  least,  that  is  conflned  to  the  taU ;  and  after 
it  has  quieted  down,  the  animal  will  be  found  to  be  insusceptible  both  to  the 
natural  infection  and  to  an  infection  of  artificial  origin. 

According  to  the  researches  of  Ehrlich,  mice  may  be  made  immune  against 
ncintf,  to  which  they  are  most  susceptible,  by  mixing  very  small  doses  of  it  with 
their  food,  and  then  afterward  injecting  additional  small  doses  beneath  the 
skin.  The  appearance  of  the  immunity  first  shows  itself  six  days  after  tRe  first 
dose,  so  that  upon  this  day  the  animal  can  withstand  a  dose  tnirteen  times  as 
great  as  at  the  beginning.  By  means  of  continued  systematic  inoculations  the 
animal  is  rendered  insusceptible  to  a  dose  eight-hundred -fold  st^onger.  The 
immunity  is  produced  by  an  antitoxic  substance,  antiricine,  which  suspends  the 
action  of  the  poison. 

In  regard  to  the  cure  cf  diseases  by  the  use  of  blood-serum  from  animals  theU 
hare  been  rendered  artificially  immune,  we  possess  observations,  valuable  for  man, 
on  tetanus  and  diphtheria.  The  most  exhaustive  researches  have  been  made  with 
regard  to  tetanus  (by  Kitasato,  Behring,  Tizzoni.  Oattani,  and  Buchner),  and,  so 
far  as  animals  are  concerned,  the  results  are  certain.  When  used  in  man,  the 
injections  of  the  curative  serum  of  tetanus  have  not  as  yet  ^nven  entirely  satis- 
factory results ;  nevertheless  the  observations  of  Tizzoni,  Gagliardi,  Scnwarz, 
von  Ziemssen,  and  others  seem  to  show  that  it  exerts  a  favorable — i.e.,  a  curative 
— effect.  Tizzoni  claims  that  only  20  per  cent,  of  the  tetanus  cases  which  have 
been  inoculated  die,  while  ordinarily  88  per  cent,  of  those  ill  of  this  disease  per- 
ish. The  difficulty  in  using  the  antitoxin  in  the  treatment  of  tetanus  in  the 
human  being  lies  m  the  fact  that  the  persons  attacked  come  imder  observation 
relatively  late  after  the  infection  has  taken  place,  so  that,  in  order  to  procure 
recovery,  extraordinarily  large  doses  of  the  antitoxin  are  necessary.  According 
to  Behrmg,  the  curative  serum  derived  from  horses  is  the  best,  and  can  be  made 
unalterable  by  the  addition  of  0.5  per  cent,  of  carbolic  acid.  According  to 
Buchner,  the  tetanus  toxin  may  be  precipitated  by  sodium  ammonio-sulphate, 
and  when  dried  forms  a  powder  of  great  durability. 

Behring  has  been  moat  prominent  in  the  study  of  the  curatice  serum  of  diph- 
theria, and  obtains  it  from  immunized  slieep.  Ei^eriments  conducted  on  ani- 
mals give  favorable  results.  Concerning  the  availability  of  the  serum  tn  the 
treatment  of  hnman  beings  who  have  been  taken  ill  with  diphtheria,  we  cannot 
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as  jet  give  a  definite  judgment ;  still  in  the  cases  treated  by  Behring  the  mor- 
taUty  was  less  than  it  usually  is. 

According  to  Emmerich^  the  pneomococcus  infection  in  rabbits  and  white 
mice  may  be  cured  by  the  injection  of  blood-serum  from  animals  which  have 
been  rendered  completely  immune. 

Individuals  who  possess  a  natural  immunity  against  a  certain  disease  have 
no  immunizing  substance  in  their  blood-serum.  This  is  first  produced  by  arti- 
ficial immunization.  The  value  of  the  immuniziug  blood-serum  is  so  much  the 
higher  the  greater  the  difference  which  exists  between  the  original  predisposi- 
tion and  the  immunity  derived  from  inoculation.  According  to  the  researches 
of  EhrUch,  the  immunizing  substances  may  be  carried  over  into  the  milk,  and 
the  nursling  may  thus  become  immunized.  The  immunity  produced  by  the 
curative  serum  is,  as  it  appears  (EhrHch),  of  short  duration,  while  that  produced 
by  the  fact  of  having  passed  through  an  attack  of  an  infectious  disease  in  most 
cases  lasts  for  a  much  longer  time.  Recovery  from  an  infectious  disease  does 
not  always  produce  immunity  against  the  same  disease,  at  least  not  in  the  sense 
that  the  individual  who  has  thus  recovered  can  remain  for  anj  great  length  of 
time  immune.  Individuals  who  have  been  ill  from  rheumatic  arthritis,  from 
pneumonia^  or  from  erysipelas,  often  have  the  disease  again ;  consequently  the 
predisposition  to  these  diseases  certainly  does  not  become  permanently  an- 
nulled. In  fact,  it  sometimes  appears  as  if  the  first  illness  predisposes  one  to 
sub8eq[uent  attacks  of  the  same  sort.  The  repeated  occurrence  of  attacks  of  the 
same  infectious  disease  may  be  explained  more  correctly,  as  it  seems  to  me,  in 
one  of  two  ways :  either  that  from  the  very  first  there  existed  a  predisposition 
which  could  not  be  overcome  entirely  by  the  act  of  passing  through  an  attack 
of  the  infection ;  or  that  some  of  the  bacteria  belonging  to  the  particular  disease 
had  continued  to  remain  in  the  body. 

As  the  result  of  a  communication  made  by  R.  Koch  in  1890,  during  the 
years  1890, 1891,  and  1892,  both  in  Qermany  and  in  other  countries,  an  extraor- 
dinarily large  number  of  attempts  to  cure  tuberculosis  were  made  with  an 
extract  derived  from  cultures  of  tubercle-bacilli.  These  attempts  were  made  in 
cases  of  tuberculosis  both  of  men  and  of  animals,  and  it  was  oelieved  that  the 
substance  termed  tuberculin,  which  contains  bacterial  proteins  as  the  active  heal- 
ing principle  derived  from  the  cultures,  exerted  a  healing  influence  upon  the 
tuberculous  process.  The  enthusiasm  with  which  the  ho|fed-for  remedy  was 
received  soon  gave  way  to  bitter  disappointment.  In  certain  stages  of  the 
disease  the  tuberculin  induced  inflammation  in  the  tissues  which  had  been 
altered  by  tuberculosis,  and  this  inflammation  and  the  accompanying  prolifera- 
tion of  the  tissues  may,  under  certain  conditions,  exert  locaUy  a  beneficial  effect 
on  the  progress  of  the  disease.  Tuberculin,  however,  produces  no  immunizing 
effect  upon  the  tissues,  does  not  kill  the  tubercle-bacilh,  does  not  even  act  on 
all  tuberculous  foci,  and  the  inflammation  produced  by  it  may  have  a  deleteri- 
ous effect,  and  may  hasten  the  spread  of  the  disease  through  the  body.* 

According  to  the  researches  of  Stem,  the  blood  of  human  beings  possesses  a 
protective  power  against  the  typhoid  infection  produced  experimentally,  and 
this  power  is  especially  marked  in  the  blood  of  convalescents  from  the  disease, 
and  less  so  in  that  of  healthy  men.  According  to  this  author,  the  protection  is 
secured  by  reason  of  the  fact  that  the  serum  acts  on  the  oi^nism  to  be  pro- 
tected, ana  enables  it  to  render  the  infecting  bacteria  harmless. 


VII.  The  Intrinsic  Causes  of  Disease  and  the  Inheritance  of  Patho- 
logical Conditions. 

§  30.  Among  the  intrinsic  causes  of  disease  must  be  mentioned, 
first,  all  those  peculiarities  which  have  their  foundation  in  the  organiza- 

•  A  summary*  of  the  hterature  on  the  action  of  tuberculin  inay  be  found  in 
the  Jdhreshericht  of  Baumgarten,  in  the  Centralhlatt  fur  Bakterioloffie,  and  in  the 
Centralblatt  fur  allgemeine  Patholoffie,  of  the  years  1891  and  1892. 
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tion  of  the  iudi>'idual  aiid  owe  their  origin  to  some  coDgenital  local  pre- 
disjKisition,  and  which,  furthermore,  superinduce  diseases  independently 
of  outside  influences — i.e.,  without  the  aid  of  any  other  influences  except 
such  as  our  relations  to  the  outside  (more  or  less  harmful)  world  neces- 
sarily bring  with  them.  When  morbid  processes  arise  in  this  manner 
we  speak  of  the  special  disease  or  of  the  special  malformation  thus  aris- 
ing as  of  spontaneous  origin.  In  a  broader  sense  we  may  also  reckon 
among  the  intrinsic  causes  of  disease  the  individual  peculiarities  which 
have  been  described  in  the  last  chapter  (VI.),  and  to  which  the  names 
predisposition  and  idiosyncrasy  have  been  applied ;  but  we  are  justified 
in  doing  this  only  in  so  far  as  the  diseases  in  question  clearly  owe  their 
immediate  development  not  merely  to  the  action  of  some  outside  injurious 
influence,  but  also  at  the  same  time  to  the  existence  of  a  predisposition 
or  of  an  idiosyncrasy. 

Among  the  morbid  conditions  which  arise  from  strictly  internal 
causes — i.e.,  without  the  aid  of  specific  external  influences — and  which 
either  appear  of  themselves  or  are  brought  to  development  by  some  ex- 
ternal influence,  it  is  possible  to  distinguish  different  groups,  namely,  one 
in  which  the  body  as  a  whole — the  constitution — is  involved ;  another,  in 
wliich  only  a  portion  of  the  body,  or  a  system,  shows  itself  to  be  func- 
tionally deranged  or  perhaps  even  pathologically  altered  in  its  structure ; 
and,  finally,  a  third,  in  which  either  a  single  organ  or  even,  perhaps,  only 
a  part  of  an  organ  manifests  these  functional  or  structural  alterations. 
At  the  same  time  it  should  be  stated  that  no  sharp  dividing-line  exists 
l>etween  these  groups,  for  local  pathological  alterations  may  be  associated 
with  constitutional  conditions.  Then,  again,  it  should  be  remembered 
that  very  frequently  it  is  not  only  diflBcult,  but  at  times  impossible,  to 
determine  what  part  internal  conditions  and  what  part  external  exciting 
causes  are  playing  in  the  production  of  a  pathological  condition,  since  we 
cannot  measure  the  force  of  the  external  influence  which  has  called  into 
a4!tivity  the  pathological  processes. 

Aniong  the  constitutional  diseases  arisin|r  from  internal  causes 
are  to  be  mentioned,  in  the  flrst  place,  the  development  of  dwarfs  and  the 
development  of  giants — i.e.,  disturbances  of  growth,  of  which  the  first  is 
marked  by  an  abnormal  deficiency  in  the  groi^'th  of  all  the  parts  of  the 
ImhIv,  of  the  skeleton  as  well  as  of  the  soft  parts ;  while  the  second  is 
characterized  by  a  growth  exceetling  that  of  the  ordinarj-  individual.  It 
cannot  be  doubted  that  both  the  dwarf  and  the  giant  growths  are  depen- 
dent on  a  congenital  tendency ;  but  the  same  effects  can  be  produced,  at 
least  so  far  as  the  inhibition  of  growth  is  concerned,  by  harmful  influ- 
ences during  the  i)eriotl  of  gestation  and  during  later  development,  so  that 
it  cannot  be  always  told  with  certainty  whether  an  abnormal  )>odily  growth 
is  depeniient  upon  a  congenital  tendency  or  upon  pathologii^al  influences 
which  have  occurred  during  the  period  of  growtli  (see  §  22) — a^*,  for  in- 
stance, disturbances  of  growth  due  to  disease  or  to  the  loss  of  the  tliyroid 
gland. 

The  same  difficulties  are  encountered  when  we  attempt  to  exjilain  the 
cas«*s  in  which  the  body  has  i)erhap8  attained  a  normal  development  of 
height,  but  manifests  a  general  feebleness — a  constitution  which  has  no 
IM>wer  to  withstand  a  gr(»at  variety  of  external  influences;  for  this  con- 
dition may  arise  from  an  inherited  weakly  and  defective  body,  or  fntm 
harmful  influences  whi<*h  have  attacked  it  during  intra-  and  oxtra-uteriiie 
development ;  and,  again,  a  congenitally  weak  body  and  outside  weaken- 
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iuflut* 


both  have  acted 


the  in'owth  of  tke  individual 


aices  ma; 
H  siriiilHi'  niHiiiirr. 

AiiutlK'iwiJUstitutiuuaf  peouliainty  which  may  owe  its  i>ri|Lrin  to  an  in- 
hent4*<l  siNM'ial  prcdisiMisitinn  is  corpulence  [nhfsiffis.  tulipojtiftts,  fipo/mitosiK 
unhrr.taiisi — a  (romlition  iti  whirli  fat  iw  ritlii'r  de|K>siU*d  in  i.'XLTS.sive 
qtiautity  «>iUy  iu  tissues  wliieh  nuntmlly  siiindd  |M)s.ses»  tat.  or  else  is 
deposited  aX»o  in  regions  whieh  narnially  contain  no  fat,  as,  for  instanre, 
UHiier  tlie  t>ndo(*anliuiri  or  Iiftwcnn  thr  irniHi'leH.  In  the  ultirriHte  analysis 
of  tiiis  condition  it  must  be  ret-ogiiized  thai  tliis  hi-apin^''  up  ai'  fat  in  tlie 
body  is  always  dt'iiendcnt  upon  a  dispniportiun  ln-twccn  fat-prodnrtitm 
(that  is,  the  sn[»ply  of  f«t  to  the  [tarts)  nud  fat-eiuisumptton  :  this  dis- 
pro]H)rtioM  sliowin^  itself  al  one  time  in  the  fonii  of  |Ln"eatIy  increased 
t'at-produelion,  at  anothi-r  in  tliat  of  an  abnormal  dcen-ase  in  fat-eon- 
sumption.  As  daily  oli.sH'VHtitjn  tt'aehes,  Ibr  em-rfry  with  which  metabo- 
lism gtws  on  in  Iht*  lutdy  is  very  diffeitmt  in  different  indi\*iduuls,  and 
changes  also  at  different  perio<ls  of  life,  so  tliat  the  same  amount  of  foijd 
tends  at  one  tiine  to  fatti-ii,  whih'  at  another  time  it  shows  no  surh 
teufU'ncy. 

In  the  path<>lopieal  constitution  termed  o)>esity,  which  sometimes 
depends  on  a  foiip^nitid  jiredisposition,  the  onerp)^'  of  tlir  prntitjilasuiie 
foires  of  destrui-livf  ]ni'lumor|)liosis  is  weakened,  so  that  an  almormid 
amount  of  fat  rollerts  ev^'ii  wlicn  a  modcratf  or  jH-rhaps  only  a  slight 
amount  of  nutritive  niateriiU  is  supplied  to  the  tissui-s. 

Qout,  like  olM'sify,  is  also  a  eonsritutioiial  dis<'a.s<'.  wliich  fitr  the  most 
jjart  is  dependent  ujton  a  eoustitntional  inherited  tendenev,  and  eouse- 
qncntly  depends  chit'tly  on  intermd  eanscs.  Rxaetly  what  is  the  essenee 
of  the  disease  we  are  unabh'  as  yet  to  state.  tJne  of  its  chanwlt-ristio 
features  is  that  a  patient  with  this  dis<'iise  is  subject  to  attm'ks  in  which 
(h'lHtsits  tjf  uric  aeul  nn*  mad*'  in  the  tissues.  Aiv'ordinjr  to  frnrnMi  and 
Ebstein.  acute  attacks  of  pait  are  (h'pendent  uiM>n  a  stagnation  af  iirii? 
acid,  which  eitlu-r  1ms  its  origin  in  the  kidney  or  iu  loctil  conditions. 
Pfeiffer^  on  the  otlu*r  liaiid,  is  of  tlie  npinion  that  the  essential  feature  of 
a  jrouty  pre<lit>|K)sition  eonsists  iu  the  fact  that  ttie  urie  acid  is  pnxluced 
in  a  form  which  is  soluble  only  with  difBeuity.  Aei'^ti-dinf,""  to  von  \oor- 
den,  the  production  and  deposit  of  uric  jwid  an*  tudy  se<'ondary  phenom- 
ena, whicii  are  iutlucctl  by  the  pivsenee  of  a  partif-nlar  ferment,  which 
n<its  ()uly  locally  auil  cousnpu-nUy  is  not  th^peudenf  upon  the  amount 
and  the  Vtehavior  of  ihi-  urie  ai'id  which  is  formed  in  another  part  of  the 
bfniv. 

t'atholofcical  changes  which  arise  In  sing:le  systems  and  organs 
from  internal  causes  may  nnuiifist  themselves  iu  all  the  tb*sues  of  the 
body,  and  they  involve  at  one  time  an  entire  system  or  orpan.  at  another 
only  a  part  of  one. 

In  tlie  shi'ifton,  in  the  first  phM'e,  we  may  mention  the  following 
ehan^'cs  jus  illustratinj^  what  w*-  have  just  stated:  abnitnual  ilevelop- 
mcnts.  as  n-jtrards  size,  of  single  i)arts — e.>r.,  abnormal  sniaUness  of  tlie 
extivmities  (niieronieliu).  or  of  the  head  also  iniii'viM-epbalus),  in  contnust 
with  the  trunk;  or  the  abnoruial  size  of  one  bone  or  of  n  jrroup  of  Ixtnea 
(nmerocephalus;  the  abnornud  increase  in  the  leuirth  of  tlie  linjrers; 
frri'at  ^rowlli  of  one  Hnjrer,  or  of  an  entire  foot,  or  of  an  extremity;  the 
formation  of  ribs  in  the  neck,  etc.).  Oecasionidly  supernumerary  iMinea 
are  dev<'lo|M'd — for  instance.  b<mes  in  the  wrist  or  phalanges,  thus  lead- 
ing to  the  formation  of  supeniimicraiy  fingers.     There  can  also  be 
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developed  atypical  formations,  such  as  bony  gi-owths  (exostoses,  hyper- 
ostoses), which  may  extend  over  a  larger  or  a  smaller  portion  of  the 
skeleton,  and  may  originate  either  spontaneously  or  as  a  result  of  some 
traumatism. 

In  the  muscular  system  are  to  be  noted  the  production  of  pathological 
bony  formations,  which  occur  either  singly  or  in  multiple  form  (myositis 
ossificans),  and  occasionally,  in  the  period  of  childhood,  give  rise  to  a 
progressive  stiffening  of  the  muscuhu"  apparatus,  by  the  transformation 
of  the  muscles  into  osseous  scales  or  plates. 

In  the  vascular  system  the  lesions  which  are  found  consist  in  part  of 
gross  anatomical  alterations — such  as  an  abnormal  division  of  the  arte- 
ries, or  some  pathological  development  of  the  heart — and  in  part  of  moi-e 
delicate  alterations,  which  reveal  their  existence  only  through  some 
abnormal  action  on  the  part  of  the  circulatory  apparatus  or  through  a 
tendency  manifested  by  the  patient  to  heemorrhages  (haemophilia)  wliich 
take  place  spontaneously — i.e.,  without  our  being  able  to  ^ow  that  an 
injurious  influence  has  been  exerted  upon  the  heart  and  blood-vessels. 

Some  of  the  primary  disturbances  which  the  development  of  the  nervous 
system  experiences  manifest  themselves  only  by  some  pathological  disturb- 
ance of  function,  or  by  a  special  predisposition  to  various  forms  of  illness ; 
while  others  are  distinguislied  by  gross — i.e.,  by  perceptible — anatomical 
changes,  such  as  abuonnal  smallncss  of  the  cerebrum  (micrencephalou) 
or  of  tlie  spinal  cord  (micromyelia),  defective  or  absent  development  of 
particular  parts  "(compare  the  section  on  Malformations),  misplacement 
of  the  gray  substance  (heterotopia  of  the  gray  substance),  the  abnormal 
formation  of  cAvities  (syringomyelia),  abnormal  formations  of  the  neu- 
roglia, etc.  These  disturbances  may  involve  the  functions  of  the  organs 
of  sensation  and  of  the  motor  areas,  as  well  as,  and  to  an  even  greater 
extent,  the  psychical  processes ;  and  the  pathological  conditions  termed 
idiocy,  epilepsy,  periodical  and  circular  insanity,  hysteria,  and  neuras- 
thenia, as  well  as  paralysis,  mania,  melancholia,  and  dementia,  may  have 
their  origin  in  a  congenital  predisposition.  Lately  some  persons  have 
attempted  to  refer  the  tendency  to  crime  to  a  congenital  predisposition ; 
and  Lombroso  in  particular  has  sought  to  prove  that  the  person  who 
depends  for  his  support  upon  crime  and  lives  only  for  criminal  purposes 
— the  homo  delinqttens — is  a  congenital  criminal — i.e.,  he  is  a  man  who 
suffers  from  bodily  and  mental  abnormalities ;  possesses  other  physical 
and  psychical  characteristics  than  those  which  belong  to  the  normal  man, 
or  even  to  one  who  is  simply  mentally  diseased ;  in  a  word,  he  must  be 
looked  upon  as  presenting  the  symptoms  of  a  special  form  of  degenera- 
tion that  tends  in  a  well-defined  direction.  According  to  Lombroso,  a 
subnormal  development  of  the  anterior  half  of  the  cranium,  together  with 
a  corresponding  lack  of  development  of  the  anterior  portion  of  the  cere- 
brum, when  associated  with  an  increased  development  of  the  posterior 
{►ortion  of  the  brain,  necessarily  produces  a  feebler  development  of  the 
intelligence  and  of  the  moral  sense,  and  favors  a  strongly  <leveloped 
instinct-life.  Benedikt  even  went  so  far  as  to  maintain  that  we  can 
distinguish  in  criminals  a  peculiar  configuration  of  the  cerebral  ecmvolu- 
tions,  which  are  similar  in  tj'pe,  as  he  claims,  to  those  of  animals  of  prey. 

The  views  of  Lombroso  and  Benedikt  have  met  with  opposition  from 
various  quarters,  and  have  been  attacked  as  incoiTeet;  and  there  can  ))c 
no  doubt  that  there  does  not  exist  a  species  of  human  beings  wlio  are 
characterized  by  definite  anatomical  peculiarities  by  means  of  which  one 


92  HOMO  SAPIENS. — HOMO  DEUNQUEKS. 

can  say  that  they  Iwlonjj  to  the  clasft  termed  homo  tlelhitpieiis  in  poult-a- 
disliuctwm  to  that  cf  (hi-  homo  sapifvn ;  fcir  nlJ  llie  IkkIHv  iicculiaritit's 
wUieii  have  Ijeeii  iia-utioutHl  as  chaiat'tenstiff  of  the  eriniiuul  t^'ju'i — as. 
for  iustanri'.  tiie  bi'Uist-of-im'y  typo  uf  <'i'iM'l)ni!  iMUivulutiotis,  the  tVebly 
developed  fi*oiital  bruiu,  the  reeediug  foivhead,  niiissiveuess  of  the  lower 
jaw,  piM^nalhia,  as\^»lllletI'y  of  tlie  skull,  niarkt-d  proiiniifiiee  of  the 
aiTiis  su|x?rfioialis  and  of  tlic  aivn.s  fnmtali^.  patlioloyicHl  eoiifoiinatioiis 
of  tlie  skull,  et«. — aro  indt^Ml  frtHpu'iit  in  riiminals,  but  they  are  also  far 
from  infivqueut  in  perfeetly  iionutd  men. 

It  is,  however,  not  t-o  he  tlouUli-d  tltai  the  t<Mideney  to  eninitmlity  is 
very  otVu  dt'iK'udcnt  4m  a  euuj^tiiljil  prtMtispdsition,  which  is  finind  in 
s<tme  -speeial  orgmiization  <ff  the  e<-iilral  TH-rv(>us  system;  that,  in  this 
n^frai-d,  the  irrimiual  has  some  r^semhUuici'  fu  the  insane  peixai ;  and 
that^  also,  mental  diseases — f<»r  intitance,  epilHpsy  and  hysteria — are  oftt'U 
observed  in  eriminals.  The  path<do|Erifal  een-hral  fuuetions  in  perst^ns 
who  arr  itatholoyicidly  predisposi-d  to  this  rhiss  of  di.st'«ses  nmy  dfvi-hip 
primarily — i.e..  witluml  (.'Xteriial  atjeni-irs  havinjr  any  iuHuemiM'  im  the 
dislurhanci';  and  under  tliest*  ejivunistanees  tht*  person  conrenifd.  even 
(luring  thf  time  of  ilrvehipmcnt  and  ip'owtli,  or  sometimes  nlsu  latrr, 
miMiifi'sts  jialholotriral  r'lian»rt's  in  tin*  fun<*(i(>us  nf  liis  ci'ivhnim  without 
having  rei-eivfd  auv  extiTual  injury  thiit  mi>fht  exjdain  sueh  ehun^es. 
In  orh(T  rases,  on  the  otJirr  haiul.  external  inrtui'm-es — sueh  as  mental 
work,  soriMW,  care,  psycliic-al  in-itulion.  disease,  ete. — are  the  eauses 
which  give  rise  to  the  partieular  illness — i.e.,  to  the  outbreak  of  patho- 
logical hrain  or  spinal  fnnotion>i.  In  these  eases  the  inherited  predlsjio- 
silion  eonsists  men-Iy  in  an  ahnurninl  weakness,  a  terideney  to  <lisease  of 
the  central  nervms  system,  wliieh  expresses  itself  iu  the  eireumstanee 
that  traiisitury  intiuenees  whi<'h  wmdil  ut)t  art  norjerahh'  on  n  normal 
perstju  are  snflieieiit,  in  the  i-ast'  in  tiurjstrnn,  to  jir^Mhu-e  the  morhid 
pheijomena.  Inasmueli  as  many  intlnenees — such  as  diseiL-^rs,  infeetiims, 
jisychiral  irritations — are  ailequat**.  nndi-r  eertJiin  eonditiitns,  to  produce 
menial  disra>«e  in  imlividuals  wlion]  one  must  lo<ik  upon  as  uitniud,  so  it 
is  clear  that,  in  many  instances,  it  is  difficult,  if  not  impossililo,  to  dis- 
tintfuish  what  i)ai't  the  int4>rna1  Clauses — the  inherited  }iredispnsition — and 
what  part,  the  external  rausrs  have  had  in  ijrothicin^  iliseasi*  uf  the  cen- 
trid  nervous  system. 

As  ivtranls  ihv  pfTipheral  nprrcs,  it  is  especially  their  ronneetive-tissuo 
elements  whii'li  often  takr  on  a  patholoj^iral  nrtivity  of  yrowlh  under  the 
inHueni-e  of  internal  eause.s;  and  tins  activity  nu(nitVsl.s  ithdf  partly  iu 
the  form  of  diffuse  tliiekenin^s  (fihromatosis  of  the  nerves),  partly  in 
that  of  nodular  tliif^kenin^fs  (Jil>r<Mnatn  of  the  uerx^es),  which  cither  de- 
velop aloii^  the  coui'se  of  those  nerves  which  aiv  hir^e  cni>u*rli  to  be  dis- 
sected witii  the  scalpel,  i>r  are  scattered  itver  the  lilanients  of  the  t^ner 
nerves,  often  beinj;:  jirrsrut  in  larjfe  mnnbrrs  rlir"fUf;h*Mit  the  areji-s  of 
dislribiili'Ui  of  rutirr  nerves,  or  even  involving  tbi'  entire  territors-  sui>- 
plied  by  the  peripheral  nerves,  the  skin  bein^r  Ih*-  jiart  most  often  affected 
(nmltipie  Hl)r<»matn  of  ibi-  skin).  In  certain  eases  the  tibronnitosis  of  the 
nerves  is  associated  with  an  im-nMise  in  the  number  iif  nervc-tilu'es;  and 
as  a  result  of  this  clian^fc  there  will  be  fiaun.  in  a  given  territory  of 
nerve-supply  abn^irmally  numerous  band-s  of  nerve-fibres,  thickened  l»v  a 
pathological  iuereiiseof  the  endoncurium,  mostly  thniwn  into  serpentine 
or  twisted  shapes,  or  interwoven  {<'irsoid  neuroma.  pU-xiform  neuroma). 

jVjuon^'  the  pathohtjiatf  roiuiititws  of  the  ritiiutl  tipptimftis  which  arise 
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fi*om  internal  causes  we  should  meutiou  particularly  dyschromatopsia 
auU  achromatopsia,  the  cougeuital  partial  or  total  color-bliudness,  both 
of  which  conditions  are  frequently  spoken  of  as  daltonism,  and  are 
characterized  by  a  want  of  perception  for  a  portion  of  the  colors  (most 
frequently  red  and  green),  or  even  for  all  the  colors.  And,  further, 
in  tliis  same  category  belongs  the  typical  pigment>degeneration  of  the 
retina,  in  which  a  peculiar  spotted-black  pigmentation  of  the  retina  is 
seen,  while  simultaneously  the  acuteness  of  central  vision  and  the  per- 
ception of  light  are  diminished  and  the  visual  field  is  narrowed.  Finally, 
there  should  be  added  to  this  list  certain  forms  of  myopia,  as  well  as 
albinism  (the  absence  of  pigment  in  the  choroid),  the  latter  of  which 
conditions  also  involves  some  of  the  appendages  of  the  skin. 

The  only  affection  of  the  organ  of  he^xring  which,  at  least  in  part,  can 
be  considered  as  a  primary  developmental  disturbance  is  deaf-mutism. 
Then,  in  the  next  place,  we  may  also  place  in  this  category  the  various 
malformations  of  the  external  ear. 

In  the  skin  and  subcutaneous  comiective  tissue  new  growths  develop, 
which  are  the  resslt  of  congenital  predisposition.  These  growths  are 
formed  sometimes  almost  entirely  of  connective  tissue,  sometimes  of 
epithelial  tissaes ;  they  also  often  involve  particular  portions  of  the  skin, 
as  the  cutaneous  nerves,  the  blood-vessels,  the  lymphatics,  or  the  adipose 
tissue.  When  they  take  on  the  form  of  extensive  thickenings  of  the  skin 
and  the  subcutaneous  cellular  tissues,  they  constitute  the  foundation  of 
the  conditions  termed  fibromatous,  neuromatous,  hsemangiomatous,  lym- 
phangiomatous,  and  lipomatous  elephantiasis.  When  they  occur  as 
circumscribed  formations,  they  are  known  as  birth-marks,  soft  moles, 
lentigo,  freckles,  and  also  as  tumors  of  the  lymph-  and  blood-vessels. 
Epithelial  hypertrophy  produces  those  changes  which  are  (tailed  flsli-scale 
disease  or  ichthyosis,  ichthyotic  warts,  and  cutaneous  horns. 

In  addition  to  the  pathological  conditions  which  have  been  enumer- 
ated there  are  many  malformations  of  the  body  (compare  the  section  on 
Malformations),  or  also  of  the  internal  organs,  which  must  be  considered 
as  of  primary  origin — i.e.,  which  are  not  produced  by  the  action  of  ex- 
ternal influences  on  the  already  developing  foetus.  Finally,  many  forms 
of  tumors  (see  the  section  relating  to  Tumors)  belong  in  this  class,  espe- 
cially those  which  are  found  to  be  already  well  developed  at  the  time  of 
birth,  or  which  undergo  development  during  childhood. 

§  31.  Two  explanations  may  be  given  of  the  mode  of  origin  of  those 
diseases  which  we  attribute  to  internal  agencies — diseases,  therefore, 
in  which  external  influences  are  either  entii-ely  absent  during  l)oth  intra- 
and  extra-uterine  life,  or  simply  possess  the  significance  of  being  a  source 
of  irritation  sufliciently  active  to  cause  the  development  of  a  disease 
genu  already  present  in  the  )K>dy.  These  two  explanations  are  the 
following:  either  the  pathological  ppculiarities  of  the  particular  iniiindual 
arc  inherited  from  the  ancestors,  or  thcij  are  dcvtlopcd  from  the  seed — i.e., 
from  the  scjcual  nuclei  that  hare  copulated,  or  from  the  segmentation  nucleus 
derived  from  such  a  cotnbtnation. 

The  inheritance  of  pathological  peculiarities  is  a  fact  which  w** 
learn,  in  the  first  place,  from  clinical  obsor\'ations ;  ft>r  many  of  the  in- 
stances cite<l  in  §  30  of  diseases  whidi  result  from  internal  causes  are 
also  illustrations  of  inherited  tendencies  witliin  the  family.  In  a  certain 
numl)er  these  peculiarities  are  transmitted  from  i)arent  to  child,  while 
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ill  <fthor  iiistanfieH  tho  bf  roditan.'  factor  is  shown  l>y  tho  fact  tlmt  the 
(rnimlchihl  luaiiifests  tlie  peculianties  of  tin*  {fraudiHirents,  the  parent* 
theiiiselvfS  reinaiuiu^  exempt;  wjmetiines.  again,  it  is  nhomi  by  the  fact 
that.  S)*attere(l  nieuihers  of  the  t'luiiily  (the  eollnterol  hiiuielies  \mn^ 
ineliided)  lUiiniffNt  the  piitlioln^'ii'al  pcculiaritifH  wJiieli  are  iiiiUer  dis- 
cussion. L)\vuriishn»'ss  and  aT"Ti(>niiuI  ln.rjretiess  ()f  the  b«Klyare  p^-eidiar- 
ities  whifh  l"n'([Ui'iitIy<'iioiifrh  rliunirti-nzr  rcrtain  families.  Six  finpers, 
harehp,  iij;lit-sided  fJositi(»n  of  the  heart,  hirtli-marks,  multiple  Imiiy 
exereweiiees  on  the  skeleton,  fibroniatoiis  nerves,  and  multiple  uerve- 
tilnfimata  may  appear  in  many  ijt'neraliiMis  of  one  family. 

Confjenitnl  hrt'inophilia  in  also  an  iidicrilnhle  patlmlo^iea!  ]reeuliarity, 
■which  ill  the  descent  is  tninsmitteci  jfcncrady  hy  the  offsjiriujj  to  the 
male  frnniih-liild,  "vviH-rehy  Ihc  daujurhtprs  aid  in  the  transmission,  without 
themselves  siilfiTinji  from  lia-mitphilia.  Tlu^rc  may  l»e,  however,  a  dirtM't 
transmission  of  the  hiemojihiliu  to  the  children.  Partial  and  UAii\  color- 
blindness is  also  sometimes  an  inhentcd  family  disease  which  attacks 
paitieidarly  the  niah'  nieniliei's,  and,  like  ha-tjiojihilia.  is  tninsmitted 
thrtmyrfi  the  female  line,  which  d<»es  not  sniTei\  (r>  the  iiutle  (lesreiidants. 
Typical  pifrncntation  of  the  retina  is  inherifaMe,  as  are  also  ncar-sighted- 
iiess.  <leuf-miitism,  and  eertain  forma  of  pn>nrres**ive  inuseidar  atrophy 
and  polyuria  {Weyl). 

(lairihier  and  <hirrml  state  tliat  in  aUiut  90  ]jer  cent,  of  all  eases  suf- 
ferinjf  from  ffoiit  the  disease  also  existed  in  their  forefathei's. 

Of  tlie  patlndogieal  eon(!itionsof  the  nervous  system,  many  aiv  tranis- 
mtssible;  to  these  iK'lmigr  espeeiidly  ineriodioil  anil  circular  insanity, 
epiU'psy.  hysteria,  and  eonp-niml  madness  Uirujiuiirr  Vftriirkthfit),  and, 
to  ft  somewhat  less  extent,  mehiiielmlia,  mania,  frenzy,  and  alcoholism; 
wliile  the  pro^-esj^ive  paralyses,  the  thdiriums, and  the  conditions  of  meut<d 
exliaustion  are  but  wli^hlly  inHuenccd  by  liere<Iity  (Kraepelin).  Ilafren 
estinuited  the  ninnher  of  hereditary  insHiie  at  2S/J  percent..  Leidesdorf 
at  25  ])er  cent.,  Tipitjes  at  over  ■¥.)  per  i*ent.  of  nil  eases,  and  Ford  hohls 
that  fn>m  (i!>  1o  Si'i  [kt  «'ent.  may  be  neeonnt^'tl  f<ir  In*  liereilily. 

In  the  most  severe  forms  of  hen**litarv  di'peneratiun  the  ]iathoh>frie.al 
eomlitions  themselves  nre  inherited:  but  imire  freipiently  the  liertMlitaiy 
intlvieiice  ii\\\y  produi'es  a  jiredispusilion  U*  disease,  and  the  actual  mor!)id 
condition  first  shows  itself  only  after  the  eentrul  nervous  system  luus 
been  acted  npmi  by  some  external  injuriims  intluenec.  The  form  of  the 
(liseasc  may  remain  the  same  in  the  des<'end:iiits  as  in  the  aneestoi-s 
{khutirnl  hfrttiittf).  M<ire  freipu'iitly  a  change  takes  place  in  the  form  of 
the  disease  (tranfitfonnfition<il  htrriiitff).  not  infrrtjiiently  in  the  sense  that 
llie  srvi'rity  of  the  tliscjiw  inerejuses  from  jrcneratioti  to  gt^iieration.  a 
eimdition  which  is  termed  fhtjinnniit'f  htrrtllff/. 

Aceordinir  to  Moiil.  there  may  ajipear,  for  instance,  in  the  first  gen- 
eratimi,  nervous  temperameut.  moral  depravity,  excesses;  in  the  sec<md, 
a  tendency  to  ai>op]exy.  sevi're  neuroses,  and  aliMdiolism:  in  th^^  third 
generation,  psychical  chaupes,  snieide,  inteUeetual  incapacity;  tinally.  in 
the  fourth  p-neratinn,  eonpenital  iml)wility,  iindfonnations,  mTests  of 
development. 

As  already  stated  in  §28,  the  sp4»eial  pi'edispositions  to  this  or  that 
disease  wliieh  imlivitbial  families  or  sometimes  entire*  races  sliow  are 
hereditary  peculiaritie.s.  Tims,  for  example,  it  cannot  l>e  doubted  that 
ceHain  families  have  a  stronger  predisposition  to  certain  infections 
(tnla-riMdosis)  than  others.     lJut»  ou  the  other  hand,  it  often  hai 
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tliiit  inBiifM^epHhility  to  certain  iiijuridus  iiifluf  uces  is  a  valuable  attribute 
of  H  fuiiiily. 

Tilt-re  is  notbiiijf  at  all  straiigt-  in  the  fm-t  that  there  arc  inheritable 
diseases,  .sim-e  it  i»  a  well-kuowu  fact  that  iu  a  family  not  only  tht* 
iK'cnliaritics  uf  iwt'.  t>iit  alstt  thow  of  that  particular  fainily.  may  be 
iulicrited,  and  tliat  the  qiialitit'K  charactmstic  ot  mu-  nv  tin-  orln-r  or  t)f 
iMttli  patvnts  itfti'U  i-nuutrli  n-ciir  in  the  cliihiivii.  In  ijnler  that  hert'tU- 
tary  transnus,sio[i  uuiy  take  jOai't^  it  is  Minijtly  niTcssary  that  the  jiccuUar 
iiuajity  iiiidrr  cinisiilfratiiiii  shuuhi  rcjtrrsrnt  not  merely  a  .scirnatir  ehanpo 
acciib'Titally  aequirtMl  in  tin*  course  of  tin*  life  of  jm  aneesl^u*.  but  rather 
an  initiviilual  peculiarity  of  tliis  aucestiir  which  he  in  turn  had  inherited 
from  his  forefathers.  Uiscaww  whii'li,  in  a  noriiial  individual,  orJ^inate 
only  when  he  is  subjcetcd  to  external  liarinful  iutluenees  an*  never  in  the 
true  sense  inherited  (see  §  nil);  this  expression  can  be  employed  only  in 
rcganl  to  timse  pittliohf/iral  rouiiifiouK  trhirlt  tifmiffti  fxtstnl  in  fhr  tjmn. 
If,  for  cxaujph",  a  disi-asc — such  as  a  mental  disease  iir  riearsit;hte(lneK8— 
is  the  pro4luet  of  a  special  inherited  pmlispositioii  phis  the  effeot  of 
harmful  ititbu'uc4-s  which  havi-  acted  upon  tin-  body  during  life,  only  that 
part  ran  be  transmitled  which  was  received  iij-  iniierilauce,  l>ut  not  that 
which  was  derived  from  exterual  iutliiences — i.e.,  the  pail  which  was 
acipiired. 

In  dirfff  inhn'ifatice — i.e..  in  that  form  of  iniieritani^e  in  wbiirh  parentnl 
peculiarities  arc  Imnsmitted  to  the  child — the  tmusniissioii  of  Imth  nor- 
mal and  pathttlo^ical  <iualities  can  only  tak*-  place  when  both  sexual 
elements,  in  the  condition  iu  wliich  they  are  at  the  monu'Ut  of  their 
uniou,  contain,  in  a  i>otential  form,  the  cliariu'teristics  of  both  paivuts, 
in  si»  far  as  these  eharuetenstics  are  of  a  transmissible  nature ;  and  con- 
sciinently  the  prodiiet  of  their  union — the  He^meiitatioii-i'ell — must  then 
contain  within  itself  b<tth  the  paternal  atul  the  naiternal  <pialities.  Since 
the  ft*'xnal  cells  d<>  not  rejtrcsent  a  product  of  tin-  body  which  is  formed 
only  after  a  certain  stage  in  the  course  <if  life  is  remdied,  but  shoidd 
rather  be  h>oked  upon  as  independent  formations  which,  located  in  spe- 
cial orj^ans.  separate  themselves  at  an  early  [H-riod  from  the  rest  of  the 
lK)dy  (that  is,  fnun  the  sonuitic  cells)  ami  then — I'oritiniiinjL^  to  derive 
their  protectifai  and  noiirishruent  fmni  the  body  U>  which  thev  iMdmifj — 
lead  ail  indepi-tuif-nt  life,  tlie?-i*  ceniaiiis  but  ime  way  in  wliieli  we  can 
explain  Ihe  pheiioniemui  of  inlu'ritaiiei-:  we  must  assume  that  the  sepa- 
rate sexual  cells  eoutairi,  from  the  time  of  their  origin  ouwaitl,  essentially 
the  same  chann'teristics  (in  a  ])otential  form,  id"  conrsi^)  as  bdonj?  to  the 
body  in  wlnrh  they  dwell;  in  other  wonis,  that  the  sexual  cells,  as  well 
as  the  IxKly  itself,  have  inherited  in  treiieral  the  sarnc  qualities  from  the 
ancestors.  Since  in  the  ai't  of  fniclifieatiou  oidy  the  nuclei  of  the  sexual 
cells — i.e.,  only  p^rts  of  tlieuii — couie  to  copulatiiui,  we  mit  compelled 
fuither  to  assiMue  that  the  bearers  of  these  ipiaUties  are  only  the  niielei, 
and  that  tlic  ](eculiaritics  belonging  to  the  individual  who  grows  out  of 
this  coniliiuation  id"  the  sexual  nuelei  reside  in  and  are  bound  up  with 
the  organizaticm  of  the  nuclei. 

If  there  appear  in  the  ilescendants  normal  or  pathological  character- 
isticii  which  ai*e  found  collaterally  (in  an  uncle,  a  giral-annt.  or  a  cousin), 
but  not  in  the  panuits.  this  is  spoken  of  as  roUofnol  Utntilfurff  trnnsutis- 
sion;  in  this  ca.se  the  only  supjiosition  that  will  ex])lain  it  is  Ihat  the 
s«*xual  nuclei,  in  their  origin,  received  characteristics  which  the  bodies 
of  the  parents  did   not  contain ;  or,  at  all  events,  we  may  assume  that 
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these  characteristics  tlid  uot  uudergo  Ocvelopment  iiinl  bepome  manifest 
in  these  bodies,  whereas  in  some  of  the  rehitives  they  did  thus  become 
manifest. 

If  there  api)^ar  iii  an  individual  noniial  or  pathiito^cal  cliaractenKtics 
which  were  wantiii^j  in  lii.s  pait-nts,  but  were  pi'esent  iu  the  gmiidparents 
or  f!;]'cat-gramt])art'iits.  this  is  sjMfkni  i*t  as  riu  atarintif  iomiitttrtj  ft-ftus- 
niisjfivH  ;  and  t!ie  appnjijriate  ex|iltinMlitfU  ui' tliis  is  to  \k'  found  in  tbe 
fact  that  the  pefnliarity  of  tin'  ^Tuuilpaniits  or  ^vat-prandjiarcnts  wfu< 
transniittod  t**  the  sexiud  nurU'i  of  tin-  son — i.e.,  of  tlie  sou  and  (rraiid- 
son — but  di<l  not  devdon  in  ihv  ImkIv  of  Ihe  first,  while  this  latent  qmU- 
ity  manifested  itself  agani  in  the  pTinils<tn  and  in  the  givat-^'andson. 

The  attcnijit  has  been  mndr  lofrive  to  theatavistii*  nitMle  of  tninsniis- 
sion — whieli  is  of  fre<jin'nt  occutTiMU'c  and  is  <*<:)ufine(l  to  the  nearest 
jjeneratinns  of  fiu-  anei-stors — a  witlr-r  significance  in  patbfflopy-  Thus 
it  has  Ih'pti  propnsnl  to  exiilain  many  uexvly  arisiu^r  ptitlmlopfal  mani- 
festations, which  seemed  to  rcsi^nible  eertain  somatic  jM-cnharitics  pos- 
sessed by  remote  animal  s}k'eies  in  the  aneestry  i*f  nuin,  as  a  reversion  to 
the  type  of  Hiose  ancestors.  Thus,  for  instance,  mienHvplialia  and  niic- 
renet^pliali.-i  have  Viceu  exi>ljiincd  as  a  reversion  to  tlie  ape  type,  and 
Ijombroso  is  also  inclined  to  look  on  his  homo  tiflituftftts  as  an  atavistic 
ai^pearHuec.  Nevertheless  there  is  no  diiubt  iMit  that  they  liave  pone  too 
far  in  this  respei-t.  hikI  have  <'harHeteri/.ed  as  atavistic  tonnntious  various 
accpiired  pathi^lo^ical  formations  antl  fresh  variations  of  jjcrms  (e<inipare 
§3*J).  Aside  fi-oni  the  question  of  a  revei*sinn  to  the  type  of  the  nearest 
generations  of  luicestors.  atavism  plays  only  a  minor  part  in  patliolojLfy, 
and  it  can  iviilly  only  be  eniphiyed  in  the  explanatiim  of  patholo^neal 
formations  when  their  tissues  show  a  certaiu  tlu<*tuatini/ behavior,  idiar- 
aeterized  hy  the  fart  that  frei|uently  fonmitions  arise  which  in  pliylopeuy 
or  ontop\Miy  i*epresent  the  primarj'  stages  of  the  thi-n  normal  conditions. 
In  this  categr>ry  lielonj?.  for  instance,  the  oecnrrenee  of  certain  forms  of 
the  ear  or  of  supernumerary  ribs,  the  iuei-east*  in  immber  of  the  mam- 
mary glands  and  nipples,  the  development  of  certain  nuiscles  beltmging 
to  the  Mantmifera  which  eonu-  ncan-st  to  mini  in  the  .scale  of  relation- 
ship. 

It  is  accepted  by  many  natlmrs  that  m  i»ofatfd  canes  acquired  diseaises  mtxy^ 
under  certain  circumstances,  be  transmitted  to  the  dettcetulantg,  and  S(»me  even  po  so 
far  as  to  say  that  the  possibility  of  liertj*Utiir>'  trausmission  may  be  concfdetl  to 
n  defornjity  sustnined  tlirmigh  iujury  ;  indeeil,  they  consider  that  tins  has  nctu- 
ally  been  pifjved  fur  some  iitKtJinces.  In  support  of  their  »»piniou,  tliey  believe 
that  they  an*  warmnte<l  in  iiointitifr  to  the  hereditary  transmiHKiliility  of  birth- 
murka,  raalfonnations  of  the  finffers,  myopia,  tiientHi  di»easeH,  predispiwition  to 
tuberculosis,  and  othof  conditions,  Ln  rejrard  to  which  they  nssuTue  that  theso 
conditions  iji  the  tirst  ii;>trtnec  oidy  showed  themselves  ah  acquired  malailies, 
ftnd  that  they  were  then  ti-nusmitted  to  the  descendants.  Further,  they  believe 
(hat  lheyc'«n  point  to  olwervatious  on  auinials-  full  neeounts  of  nmny  auch  ob- 
servations are  ou  recor<I — as  evidence  that  injiunes  pve  rise  to  defomiities  which 
later  on  are  bequeathed  to  their  offspnng. 

An  unprejudiced  examination,  however,  of  the  eolleeted  material  which  is 
brought  forward  in  support  of  this  (Opinion  shows  that  obserrations  irhich  eatab' 
Ush  the  existence  of  such  a  thing  tu  the  hereditary  traugmijittion  of  act/ttired  patho- 
JofjicnJ  charactrriMlirs  m  an  indiridnai  do  tud  exist;  that  in  tlie  observations  in 
question  the  defectiveness  of  the  proof  consists  at  one  time  in  an  error  of  obser- 
vation, at  another  in  a  false  inference  from  a  correctly  made  observation.  Take, 
for  instancef  the  fact  that  in  a  child  a  birth-mark  appears  in  a  reerif^n  of  the  skin 
exactly  oorrespomUng  to  that  in  which  the  mother  oas  a  scar.    The  advootea  of 
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the  doctrine  under  diBcnssion  would  quote  this  as  an  example  of  the  inheritance 
of  a  deformity;  and  yet  they  would  be  entirely  wrong,  for  scars  and  birth- 
marks  represent  two  entirely  different  forms  of  tissue -change.  When  among 
the  descendants  of  a  man  wlio  suffered  from  any  form  whatever  of  mental  dis- 
ease, but  only  revealed  the  existence  of  that  disease  by  the  perver^ty  of  his 
actions  after  he  had  attained  a  certain  age,  there  appears  an  inheritable  affec- 
tion of  the  central  nervous  system ;  or  if  we  make  a  similar  observation  in  regard 
to  the  appearance  of  myopia,  we  must  not  conclude  from  such  observations  that 
the  disease  first  observed  (in  the  ancestor)  was  strictly  an  acquired  condition. 
The  term  acquired,  in  the  sense  in  which  it  is  employed  in  physicAl  science,  can 
only  be  apphed  to  that  which,  in  the  course  of  the  life  of  an  individual,  arises 
onlv  through  outward  influences,  but  not  to  a  peculiarity  the  first  beginnings  of 
which  already  existed  in  the  germ,  although  the  peculiarity  itself  may  not  nave 
become  recognizable  until  outside  exciting  causes  had  exerted  their  influence 
upon  its  development.  Should  there  appear  in  a  family  hereditary  mental  dis- 
ease or  hereditary  myopia,  the  first  case  may  have  already  been  due  to  a  patho- 
logical condition  of  the  germ,  although  no  manifestations  of  the  disease  occurred 
until  some  of  the  outside  influences  of  life  called  them  into  activity  and  so  ren- 
dered the  recognition  of  the  pathological  condition  possible.  Here,  too,  the 
particiUar  pathological  condition  represents  no  true  acquired  disease. 

There  is  still  another  thing  that  militates  against  the  idea  that  an  acquired 
pathological  condition  may  be  transmitted  from  parent  to  child  j  I  refer  to  the 
simple  consideration  that  the  human  race  is  exposed  to  so  many  injurious  influ- 
ences, and  its  individual  members  are  so  frequently  sufferers  from  diseased  con- 
ditions and  mutilations,  that,  if  this  doctrine  of  the  transmission  of  acc|uired 
pathological  conditions  were  true,  mankind  would  soon  be  in  a  condition  of 
extreme  suffering  and  misery,  and  would  then  perish.  And  this  statement  would 
still  be  true  if  omy  a  portion  of  the  acquired  ailments  were  transmitted  to  the 
descendants ;  for,  despite  all  their  diseases  and  mutilations,  human  beings  con- 
tinue to  bring  descendants  into  the  world. 

The  act  of  fructification — that  is,  the  first  step  which  leads  to  the  production 
of  a  new  individual — is  accomplished  by  the  copulation  of  the  sexual  nuclei — 
that  is,  of  the  ovum  nucleus  and  that  of  the  spermatozoon  :  and,  according  to 
the  researches  of  the  last  decade,  there  is  no  longer  any  doubt  that  these  two 
nuclei  are  the  bearers  of  the  hereditary  characteristics  of  the  parents^  and  that  the  in- 
dividuality of  the  two  copulating  nuclei  resides  in  their  organization.  It  is  im- 
possible to  imagine  in  wnat  manner  processes  that  take  place  in  the  body-cells 
can  bring  about  in  the  sexual  nuclei,  which  are  lying  inside  of  certain  special 
cells  in  the  sexual  glands,  such  an  alteration  in  their  organization  that  from  that 
moment  onward  they  shall  contain  in  potential  form  the  acquired  characteristics 
of  the  body,  and  shall  transmit  them,  after  copulation  has  taken  place,  to  the 
descendants. 

The  question  of  the  hereditary  transmission  of  acquired  characteristics  has 
been  much  discussed  in  the  last  decade,  and  both  anatomists  and  zotUogists,  as 
well  as  pathologists,  have  taken  part  in  the  discussion. 

Among  the  zoologists,  Weismann  is  the  one  who  has  especially  defended  the 
doctrine  of  the  nou-transmissibility  of  acquired  characteristics,  and  has  estab- 
lished it  upon  a  scientific  basis.  According  to  his  views,  both  those  character- 
istics which  belong:  to  the  specie  in  general,  and  those  which  constitute  the 
peculiarities  of  the  individual,  are  snppUed  in  potential  form  in  the  segmenting 
egfx: ;  and  although  later,  through  exercise,  certain  capabilities  may  apparently  be 
acquired,  nevertheless  this  can  happen  only  in  the  case  of  those  capabilities  the 
first  beginnings  of  which  were  already  present  in  the  germ  or  embrj'o,  and  con- 
sequently also  in  the  body  developed  from  it. 

One  can  easily  imagine  that  in  the  embryonal  cells  there  are  present  two 
forms  of  plasma :  the  first,  which  is  designed  to  build  body-cells,  and  the  sec- 
ondj  which  is  intended  for  the  construction  of  new  embrjonal  cells,  and  which, 
earker  or  later,  after  the  beginning  of  the  embryonal  development,  becomes 
separated  from  the  first  in  tne  fonu  of  isolated  cells.  Accordingly,  with  the 
progress  of  segmentation  and  the  development  of  the  body,  one  part  of  the 
germ-plasma  passes  over  in  an  unchanged  form  into  the  organism,  and  sooner  or 
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later  manifests  itself  in  the  form  of  embryonal  cells,  tt  is  suppo»able  tbnt  all  the 
differentiations  which  taki*  place  in  the  progi'es;)  of  the  ontoi;enesis  are  depen- 
dent xipon  tlie  ohemioal  and  physical  mofecmar  structure  of  tie  embryonal  ct^IIs, 
arui  eonsequently  that  all  tratutmisjtihlf  aUeratitmn  of  the  eimracteristicK  of  the  in- 
dividual must  arise  from  jtrimunj  nltenitioNn  of  the  rvihrt/onai  crlh.  These  trans- 
missiblc  altoratiousr  therefore,  are  prepared  beforehand  bv  an  alteration  of  the 
molecular  structure  of  embrytmal  ceU.s,  and  more  particularly  of  the  nucleus; 
an  alteration  which  affeolft  either  the  sexually  differentiated  cell-nuplei  which 
have  fluceesKfully  iM>pula1ed,  or  only  the  product  of  this  union— the  segmenting 
egg-nucleus. 

Darwin  in  his  tijne  defended  the  opinion  that  acquired  characteristics  could 
be  tninsmitted  to  the  succeeding  generations,  and  Mjught  to  make  these  phe- 
nomena intelligible  by  assuming  that  molecules  fnnn  all  the  cells  of  the  body 
contribute  to  the  formation  of  the  embryonad  cells,  and  that,  as  a  result  of  this, 
any  allenitions  which  take  place  in  the  orgaiii»ni  can  he  transmitted  to  the 
embryonal  cells.  Notwithstanding  this  exiiression  of  his  opininiij  Darwin  makes 
statements  in  his  writings  which  do  not  agi-ee  with  this  opinion  ;  indeed,  some  of 
them  tiire4^tly  contradict  this  view. 

It  is  not  possible  to  speak  further  in  this  place  upon  the  question  of  the 
transmission  of  acquired  uharaeteristics.  Those  wlio  are  more  deeply  interested 
in  the  subject  will  And  it  more  fully  iliAcnssed.  at  least  in  its  relations  to 
path<»logy,  in  various  treatises  which  I  have  published  in  recent  years.* 
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§  32.  As  is  sht)Wii  iu  the  ex]>lanationn  given  in  §  JJl,  inhtritnl  (iiseoKfa 
an  nlmiijK  snrii  as  itrist*  in  the  first  pltirf  from  somr  inftrnal  pretUsposifion 
— i.e.,  siirh  //.s  htirc  dfi-^Utjml  from  artmit  htt/inu {/!//:<  hnitfit  in  fh  {jerm  or 
ewhnjtf—or  at  Inu^t  thty  /irn  diaea.sf.t  iu  which  the  thmtut  of  predispt^sitiou  i,s 
a  ntufffttifal  rbfirtiffpristir.  Conversely,  tlie  stntenieiit  may  be  made  that 
ail  the  norttml  or  pitthnioi/iraf  tptatiiifii  prf»tuf  in  thf  twbrffo  orff  trttnswixiiiffltf. 

Consequently  the  t|ue.stion  uf  tlie  primary  urigiii  td"  iuberited  diseases 
coincides  with  the  (jue-stion  cDiMMTiiiiig  the  nature  of  the  causes  4if  internal 
disesi^eH — i.e.,  euneerning  the  aequisilioji  <►[  those  patlnilo*rii'al  eharneler- 
isties  whieh  we  regard,  after  they  have  ninde  tlit'ir  ftppt-araiK^e  at  sfniu; 
later  date,  a.s  arising  spoiitauennsly,  and  as  having  their  Hrst  traces  in  the 
genu  or  embryo. 

The  first  appearance  of  new  pathological  characteristics  which  arc 
hereditary  nmy  be  eonneeted  with  the  fni't  that,  as  a  result  of  sexual  pro- 
creation— i.e.,  of  the  nnioii  of  two  hexnal  iiuelcs,  of  whieh  the  one  is  the 
bearer  of  the  transmitted  <|ind]tie8  of  the  paternal  oneesttir.  the  other  of 
those  of  the  maternal — new  variations  are  constHUtly  appeanng.  s<i  that 
the  fniit. — tbat  is,  the  child — never  entirely  resembles  one  parent ;  mttre 
frequeutJy,  in  addition  t**  the  qualities  whieh  the  parents  offer,  it  also 
posse.sses  new  qualities.  Kven  if  we  assume  that  the  st'Xtial  nuclei  some- 
times contain  in  jHHential  form  exactly  the  same  eharaeteristies  as  thosi* 
beh)ugiug  to  the  parent  out  of  whom  they  originated,  the  pntduet  result- 
ing from  the  copulation  of  thew*  luielei  would  neverthelesf:  present  a  cer- 
tain degree  of  varitttion  from  the  type  of  either  parent.  It  may  he  said. 
however,  that  in  a  ease  like  this  the  differem*es  between  the  cbiMi-en  of 
such  a  eonpie  would  be  only  slight.  As  a  matter  of  fact,  the  diiTereut 
pntducts  of"  the  .same  parents  m»y  vary  to  an  immeasurable  extent  hv 

•  Ziegler,  "  Konnen  erworbene  pathologisehe  Eigenseh&ften  vererbt  werden 
und  wie  entsteheu  erbliche  Kraukheiten  u.  Missbildangen."  Britrage  ron  Ziegler^ 
i.,  188fi.  u.  Vrrhnndl.  drx  V.  Con/jr.f.  inii.  Med.,  Wiesbaden.  18J<6;  "  Die  ueueflton 
Arbeiten  iiber  Vererbungs-  u.  Abstammungslehre  uud  xhre  Bedeutuug  fflr  die 
Pathologic,*'  Ikitratjt  roa  Ziegier,  iv,,  1S88. 
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reason  of  the  fiict  that  the  sexual  uuelei  theiuHelves  contain  a  mixture  of 
thn  clianu'tt'ristit's  iiiherite<i  from  tlie  jtatenial  aud  matenial  iim'-estors, 
autl  that  this  mixtui-e  is  nevor  the  same  in  the  separate  -scximl  uuelei  of 
the  iiidi\'idual. 

This  statement  is  in  hiinnony  with  tlie  fact  that  the  children  in  one 
family  always  prewnt  iinjitirtnut  differenerw  in  their  IkmIiIv  and  mental 
characteri.stie.Sy  aud  with  tht*  further  fa4!t  that  a  strong  degi'ee  oH  resem- 
blance is  only  ol>served  in  the  (!ase  of  t\rins  that  liave  heen  prcuhieed  fit>m 
oue  epp.  or,  in  other  words,  only  when  the  pnn-ess  of  deveh)iimeut  Ims  in 
hoth  ehildren  started  from  the  sMime  act  of  iHjpidatiou. 

The  embryonal  variations  resultinji^  from  the  mixture  of  two  Indi- 
vidually different  hereditary  tendenciescaittiiitl  their  exjiressiou  in  most 
vurit'il  iiualities  ut*  tlie  body  and  mind  of  the  developinj:  i-hihl.  If  tliese 
do  mil  di'viutv  in  a  miirki-d  drpve  froiji  tlie  rharuetcristies  whieh  the  dif- 
tVreiit  mrnduTs  of  the  same  family  an'  wont  U*  show,  thf  tMuiditions  are 
hntked  upon  as  iK^rtual,  and  generally  ivceive  no  partieular  attentiou  ;  but 
if.  on  the  eontrary,  important  differences  in  ehanifter  are  produced,  the 
oeeurrener  attnu'ts  ^-eatiM*  attention,  and,  at'ponJiuf?  t<»  the  value  whieh 
it  has  for  the  individual,  it  la  fousidered  at  one  time  as  wuni'thinjf  fiivor- 
al»Ie,  at  another  as  somethiu*;:  uufavorahle.  s<miething  pathohiKieal.  When 
.^^nudl,  weak  paivnts  hc^et  eliildrm  who  prow  to  be  hip,  stronp  nuMi.  or 
whow  meiitnl  aliility  surpasses  rdusidenibly  that  of  the  pureritH,  it  is  re- 
garded as  a  faviiralde  o<':<Mirrenee.  If  a  pcnius  in  any  braueh  of  hnnmn 
kuowli'dpt-  iiiitl  skill  shouhl,  as  somi'tiuK's  nrtually  hniipens,  develop 
suddi'uly  iu  a  family — i.**.,  without  any  hint,  of  a  partieidarly  hiph  meu- 
tal  develciijuient  having  bf  I'u  sliown  amonp  the  aueestor^^the  oeeiirreuee 
would  attract  nnivei*std  atti-ntiou  ami  wouhl  be  eonsidered  a  fortunat-e 
evc^nt.  Hut  if,  on  the  olln-r  luiiid.  stronp  parents  Wtc*^t.  children  that  are 
weak  <M'  physically  defective,  or  if  their  mental  deveh>pment  remains  eon- 
si<lend)ly  Imrkward  as  compared  with  that  of  tlie  parcntj:^,  or  if  a  e(tm- 
plete  arrest  td'drvidopmiMit  shnws  itst-lf  in  some  depurlment  of  tlicir  meu- 
tal  fai'ultifH.  frr  cuff  ffiis  m-rrfff  (ippfunufj  ritnaticn  mnmiurnf,  puftmlotjifttl. 

If  we  take  into  aerount  the  expi-ri^'Urt's  whieli  the  pathoiopy  of  nmn 
aud  of  animals  funiishrs,  tht'  assuntption  scrms  fully  warranted  that, 
amfiiip  the  transmissibte  pathological  conditions  and  tendencies,  very 
many.  p4'rhaps  tin-  TniijffHty,  are  referable  to  a  variation  of  the  germ 
based  upon  the  amphimixis.  This  explauatiou  is  availabk',  therefow, 
for  the  jfriMip  of  tlie  hereditjiuy  diseawd  couditious  and  ]in'dispositions 
of  the  central  nervous  system,  for  hereditary  myopia,  fi»r  ha-mophilia, 
for  pipmcnt-dctjcneration  of  tlie  i*etina,  ami  for  (Mdydactylism.  If  such 
abnormal  characteristics  repeate<lly  show  themselves  in  the  olTspriup  of 
[mrents  who  are  healthy  aiul  have  healtliy  ane<'stors.  one  can  eoncluile 
that  the  sexual  nnclci  of  the  parcntfj,  although  individually  normal,  have 
through  their  union  oroflueed  a  pathohi^ieal  vtu-iatiim.  This*  etmelu- 
sion  is  substantiated  when  <me  or  both  parentis  produce  nonnal  offspring 
throuph  c*>pnlHtion  with  oOii-r  iudivJibinls. 

Besides  the  variations  winch  are  tlie  residt  of  uornud  sexual  repiyxlue- 
tion,  it  is  hiphly  jtrnbahlc  thnt  pathological  variations  i^f  the  perm,  wliieh 
lead  to  the  pri>duetiou  of  tninsmissihle  patliolopieal  eharacteristies,  ulso 
owe  their  oripin  to  the  eireiimstance  tliat  harmful  influences  may  have 
Wen  exerted  upon  the  sexual  nuclei  or  upon  the  segmentation  nucleus, 
or  else  that  the  process  of  copulation — i.e..  the  union  of  the  s«^xnal  uuelei 
— mav  have  been  disturl>ed  in  some  manner.     The  substance  whieh  acts 
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pivjudioially  may  he  a  itroduet  of  tlie  body^  or  it  can  come  from  without 
antl  lit  th(*  same  time  also  pi-oduce  its  harmful  ^'ffcct  npou  tlio  IxKly.  IViu- 
bttijui'iitly  in  tlit'He  case**  iiiie  can  sjK^ak  i>t'  the  afytisitiou  of  u  fffinsmissible 
pathologUai  ptruliarih/  thromjh  nonif  hunutnl  iiifiiotire  rnifntatimj  front  the 
outer  tvorlti  But  tliis  t'xj>ression  is  iKit  inti'iulcd  to  convoy  llu'  idea,  an 
many  seem  to  belie\e,  tluit  the  tissues  of  tlie  body,  mider  the  influence 
of  outside  harmful  agencies,  first  undergo  certain  alterations  and  tlien  in 
some  manner  convey  thest*  alterations  to  the  gmn-erlls.  The  iiniper  ex- 
planation is,  rather,  that  the  injurious  iuttueuee  exerts  its  force  dii-ectly 
upon  tl»e  sexual  nuclei  or  upon  the  segmentation  nucleus,  and  heiv  pro- 
duces some  sort  of  a  rhtingt;  whiiOi,  at  a  later  dat<%  leads  to  a  pathological 
tranaformation  of  the  iutiividnal  who  is  undergoing  devehipment  horn 
the  impregnated  fgg.  So  far  as  the  mitutvof  tJie  resulting  patlmh>gical 
variatidU  is  coiieernrtl,  it  is  a  matter  of  no  imiMtrtanfe,  whether  the  somatic 
tissues  are  also  subjected  to  altenttions,  and  of  what  natiirt-  these  are. 

If  a  transmissilile  pathological  charat^teristie  lias  l>een  piifduced.  it  may 
— provtdol  it  does  nut  abridge  lit'f  or  piwent  reprodneTiot)--^artiially  be 
IruMsniitted  t'r<»m  parent  to  oifspnug,  altbougti  this  ne^d  not  neeessarily 
hMp]ii'ii.  The  elninees  that  this  parlieular  I'liararterislie  will  be  trans- 
mitted are  gn'atest  when  Uir  juirents  botli  possess  it;  when,  for  instance, 
both  imrentsare  affecti'tl  with  beriMlilary  di-at'-iiiutisni  or  witii  near-sight- 
eduess.  If  the  chamcteiistic  is  wanting  in  one  pHrent,  there  is  a  good 
prosi)eet  that  a  new  genn-variation  may  be  prodm-ed,  in  whieli  the  jmtho- 
iogieal  chiu-a^teristie  fails  entirely  to  niajiifest  itself,  and  in  later  genera- 
tions eomph'tely  disappears.  If  there  are  several  descendants,  and  if  the 
tendency  to  this  pathohfgical  defect  has  lutt  i-ntirely  disajipeared,  it  nuiv 
show  itself  in  only  a  few  of  the  deseenduuts,  and  then  either  in  a  nuMli- 
fied  or  in  an  aggravated  form.  Fimilly.  it  sometimes  happens  that  the 
charBcteristic  remains  htrent  in  one  generation — i.e.,  it  does  not  extend 
beyond  the  sexual  cells — and  then  reappears  in  the  second. 

There  seeijoa  to  me  to  )ie  no  doubt  but  that,  through  the  copulation  of  two 
sexnal  germs  poaseswing  different  hereditary  tendencies,  variatiouii  may  be  pro- 
ducedf  and  tliat  nnumg  these  there  innv  ho  certain  onew  which  we  should  con- 
sider as  pathologienl.  It  i»  a  more  dlflieuU  thiii^  tu  anNwer  the  question 
whether,  oesitles  these,  there  are  not  transmissible  variarions  of  a  pathological 
cliaractcr  which  owe  their  ori^n  to  influences  that  affect  the  sexual  nuclei  nr  the 
scfcnieutatiou  nucleus  ;  and  with  whiit  fre<|ueney,  if  the  (jueslion  Ije  answered  in 
the  liflirniative,  thew  inlluences  are  exerted  effectively.  Weisrnauu.  aecofding 
to  the  stHlciiients  niude  hy  hliu  in  his  most  recent  puhlicatious.  Ik  uf  the  opinion 
that  the  lu-st  bcfrinnini^  i>f  the  herHditarv  variatiitUH  are  not  to  be  lr>ca,te<i  in  the 
attiphinilxis,  but  rather  in  i]w  direct  actii>n  of  external  influenceH  upon  the 
sexual  nuclei.  Startintr  out  witli  the  assumption  that  the  variable  cells  or 
groups  of  cells  derived  from  the  prerni  (hy  him  calh'd  Itrrtdilmy  piecfi  or  deier- 
winnifit)  are  represented  iu  the  ^enu-plasriia  by  special  particles,  which  are 
formed  by  the  gTou]>inp  together  of  a  Tinml>er  of  liff-trnpfu)hln»tti  or  hiopkores 
(molecular  groups  wliieh  rejiresHut  the  snialleHt  units  of  livinp  matter),  uud 
which  he  cnlls  determinants  nr  drtertninitiff  pieces,  he  believes  that  he  is  war- 
ranted iu  ascribing;  the  transmissible  variation  primarily  to  the  circumstance 
that  external  agencies  alter  these  gmups  of  determinants  and  determinates  con- 
tnined  within  the  nuclear  chromatin,  in  such  n  manner  that  afterwanl  the  hered- 
itarj'  pieces  or  determinates  which  are  dependent  upon  them  also  undergo  a 
change.  He  beheves  th«t  such  an  iniluence  nii^ht  he  exerted  by  exces.'iive 
nourishment  of  a  determinant,  causing  it  to  assume  a  more  rapid  growth. 
Thus,  for  example,  he  believes  that  many  congenital  malformations — as,  for  in- 
stance, an  increase  in  the  numl*er  of  finders  and  toes — can  be  attributed  to  the 
overfeeding  and  ctmsuqucut  reduiflicatiuu  of  the  groaps  of  determinants.    The 
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Amiiliimixis  has,  according  to  Weismann,  only  n  serondarj'  influence  on  the 
proUuetion  of  a  lasting  vnriatiou,  and  ibis  influence  he  detlnes  to  be  the  follow- 
ing: that  it  constantly,  in  some  new  manner,  uiLxes  the  varialious  which  jire 
neceHsitated  by  tin.*  alu-rutiou  of  rhe  dettmiiiuatits,  and  yet  does  not  itaelf  pio- 
duce  any  netv  variftlions.  *'  Th(»  alteration!*  in  chiiracter  whieh  the  determinants 
undeV'gn,  Ihnnigh  uneqiml  inlliieneeH  of  nutrition.  cotiHtitut«  the  material  out  of 
which,  by  nieanst  of  ariiphimixi!*  in  eonnet'tion  with  selection,  the  visible  indi- 
vidual variations  an?  deveUkped  ;  and  then,  by  an  increase  of  these  variations 
and  by  their  combining  one  with  another,  entirely  new  varieties  are  created." 

I  agree  with  Weismann  to  this  extent :  I  consider  that  the  appearance  of 
new  variations  of  a  pathological  nature  is  partly  to  be  consitlered  as  resulting 
from  chancres  whicli  have  been  effeirted  in  the  delemiinants  eontainiKl  in  the 
sexual  nuclei  through  the  direct  action  of  ontside  indnences.  I  do  not.  how- 
ever, believe  that  Iheiv  is  sufficient  giound  for  attributing,  aa  does  Weisraami. 
the  development  of  new  separate  parts  to  the  greater  noiu'ishment  of  individual 
groups  of  determinants.  Such  a  dependeuce  of  the  gi-rm-plasma  upon  the  aur- 
roumling  nutritive  material  Hpitearn  in  me  to  be  mrarcely  cotieeivable,  and  iw  in 
opposition  to  all  the  notioim  wliich  we  have  hitherto  held  regarding  the  nutri- 
tion of  cells.  Accorfhngly,  qualitative  rather  than  qufintitive  alterations  in  the 
nntrient  material  would  seem  to  be  what  is  recpiii-ed  in  onler  to  effect  changes 
in  the  organiwition  of  the  determinants :  and,  further.  I  believe  that  amphimixis 
holds  not  a  secoudary,  but  a  primary*  position  in  the  production  of  j>athoU>gieal 
variations,  in  the  sense  that  it  is  itself  ronipi'tent  tti  produce  new  variations. 
Finally,  it  seems  to  me  that  we  cannot  wholly  net  Mside  the  hj^tothesis  of  Nageli, 
aoconlinc'  to  which  the  itUoplasma  is  eapabJe  of  altering  its  own  condition, 
from  within  outward,  in  corinin  fixed  directions  and  according  to  certain  ti.\cd 
laws,  and  thus  may  produL-e  new  characteristics. 

§  33.  In  additiiui  to  Uie  patludogieul  (Mmiliti4>ns  already  eiiuineruted, 
thrrc  ure  a  few  infectious  diseases  iti  whii-h  an  hereditary  transmission 

seems  to  ocf^iir.  These  are  syphilis,  snmltpox.  varieelhi.  iiiterinitteitf  and 
recmTeiit  f'every.  At  all  events,  in  these  diseaseti  eases  are  ajiisetiines 
observed  in  whieh  a  L-hild.  at  tht*  time  of  its  birth  <ir  soon  afterward,  de- 
velops syiuptonis  of  the  same  diseiLse  frmn  wliitdi  the  father  or  the  Tnotln'r 
had  ht*en  suffering  either  at  (he  time  nf  proi-ivjuinti  nr  during  the  juTiod 
of  gestation.  This,  however,  is  ii  jdinnuneiion  entiivly  diffenmt  from  that 
alivady  spoken  of  as  hi^reditury  tniiisuiission. 

Infections  di^ea^ies  lire  eatised  by  organisms  whieli  multiply  in  the 
ImmIv.  The  transmission  of  the  4lisense  to  tin-  rhihl  l)eeomes  possibh-  onU' 
when  the  infecting  organisms  beh^igitig  Ut  this  parlii-ular  disea.se  either 
find  tlieir  way  into  the  sexujil  genii-cells  and  Iheu  also  inU»  the  impreg- 
nated e^^,  or  else  pass  from  the  mat*'rual  organism  into  the  tissues  of 
the  child  while  developing  in  the  ntenis.  The  Iivtter  can  <K'eur  a.s  long 
as  the  child  remains  in  the  uterus,  and  it  <ddiges  us  to  Jissunie  that  the 
infet'ting  organisms  pass  through  the  decidual  membrunesand  the  outer 
coverings  of  the  ovnm— H>r.  in  the  later  jieriodsof  gestjition.  through  the 
phu'futti — and  thus  are  trnnsported  from  the  inateriial  to  the  Ldiild's organ- 
ism. It  is  also  j)ossihle  that,  wliere  the  parents  keep  np  cohabitation  for 
a  (Certain  length  of  time  after  impn-giiatioii  has  taken  ]ila<rf',  the  micro- 
organisms wliicli  enter  the  vagina  with  the  spenu  may  pass  on  int<j  the 
uterus,  and  in  this  maiinei-  infect  the  already  imjiregnated  egg  whieh  is 
within  tlijit  organ. 

The  transmission  of  baeterial  infectious  diseases  to  the  embryo  is  be- 
yond all  doubt  a  possible  thing.  In  the  ease  of  s\'philis  this  may  take 
plac4-  at  the  instant  of  impregnaticm  iiit  well  n»  later  during  intra-utr^'rino 
development,  and  the  s_>-jihilis  may  be  e(»mmunicateil  to  the  child  as  well 
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by  the  father  as  by  the  mother.  In  the  case  of  smallpox,  endocarditis, 
and  scarlet  fever,  many  instances  of  infection  of  the  fcBtus  in  utero  have 
been  reported  j  and,  from  recent  observations  and  experimental  investiga- 
tions, there  can  no  longer  be  any  doubt  that  anthrax-baciUi,  pus-cocci  and 
pneumococci,  and,  under  certain  conditions,  also  typhoid-bacilli,  can  pass 
through  the  placenta  to  the  foetus.  This  can  only  occur  when  the  bacteria 
gain  an  entrance  into  the  maternal  blood-channels  of  the  placenta,  and 
are  capable  of  multiplying  there,  and  then  of  penetrating  into  the  foetal 
vessels — a  procedm^  which,  according  to  Birch-Hirschfeld  and  Latis,  is 
rendered  possible  chiefly  by  the  damage  done  by  the  multiplying  bacteria 
to  the  placental  tissue,  thereby  enabling  them  to  penetrate  into  the  latter 
and  to  multiply  within  it. 

There  are  therefore  both  conceptional  and  Intra-uterine  placental 
infections,  which  constitute  a  pseudo-form  of  hereditary  transmission, 
in  which  the  peculiar  characteristics  of  the  individual  are  not  transmitted 
to  the  embryo,  but  instead  an  organized  poison  finds  its  way  into  the 
germ  or  into  the  already  partially  developed  foetus,  where  it  undergoes 
further  development  and  then  calls  into  activity  the  same  disease  as  that 
with  which  the  parent  is  infected. 

Our  knowledge  concerning  the  frequency  of  these  occurrences  is,  un- 
fortunately, still  deficient.  In  the  case  of  the  most  frequent  of  all  chronic 
infectious  diseases,  tuberculosis,  the  r61e  played  by  the  disease  proper  is 
still  by  no  means  clear.  Such  a  form  of  hereditary  transmission  is  be- 
lieved to  exist  by  many  persons  in  lepra,  but  it  is  denied  by  others ;  and 
in  S3T)hilis,  where  the  frequency  of  its  occurrence  is  not  denied,  our 
knowledge  of  the  nature  of  the  specific  poison  is  still  very  meagre.  In 
acute  bacterial  infections  we  know  only  of  a  transmission  of  the  infection 
to  the  already  developed  embryo.  How  far  the  egg  can  be  infected  in 
the  early  stages  of  impregnation  or  at  the  actual  moment  of  conception, 
without  its  further  development  being  hindered  thereby,  is  unknown. 

If,  during  bacterial  infections,  infection  occurs  at  the  moment  of  con- 
ception, one  must  believe  that  the  organisms  l)elonging  to  the  particular 
disease  under  consideration  must  have  existed  in  the  sexual  glands  at  the 
time  when  the  sexual  cells  were  thrown  off,  then  must  have  reached  the 
egg  at  the  moment  wlien  it  became  impregnated,  or  immediately  after- 
ward, and  finally  must  have  continued  to  live  in  it  without  hindering  the 
further  development  of  the  egg.  Then,  besides,  the  assumption  must  be 
made  that  the  Schizomycetes  push  their  way  into  certain  regions  of  tis- 
sues during  fcetal  development,  and  yet  do  not  give  rise  to  pathological 
processes  imtil  a  later  date  is  reached.  Wliether  all  these  things  are  pos- 
sible in  certain  infectious  diseases  further  research  must  determine. 

In  a  manner  similar  to  that  by  which  infections  are  carried  to  the  foetus  can 
an  acquired  insuacepHhility  to  some  particular  disease  be  transmitted  from  the  mother 
to  the  child — that  is,  the  antibodies  (Ebrlicb)  present  in  the  maternal  organism 
can  be  transmitted  to  the  foetus.  On  the  other  hand,  a  transmission  of  immu- 
nity through  the  sperm,  at  the  moment  of  conception,  does  not  take  place,  and 
likewise  there  is  no  such  thin^  as  a  genuine  hereditary  transmission  of  an  ac- 
quired immunity.  The  experiments  of  Charrin  and  Oley,  which  are  quoted  in 
support  of  this  idea,  admit  of  a  different  interpretation. 


SECTION  III. 

Disturbances  in  tiie  Circulation  of  tiie  Blood  and  of 

the  Lymph. 

I.  General  Circulatory  Disturbances  Dependent  upon  Changes  in 
ttie  Function  of  the  Heart,  Changes  in  the  Oeneral  Vascular 
Resistance,  and  Changes  in  the  Mass  of  the  Blood. 

§  34.  It  is  by  the  work  of  the  heart,  in  the  rhythmical  contractions  of 
its  auricles  and  ventricles,  that  the  mass  of  the  blood  is  kept  constantly  in 
motion.  The  blood  within  the  elastic  aorta,  as  it  is  driven  toward  the 
periphery  of  the  body,  meets,  in  the  friction  which  exists  within  the  in- 
numerable divisions  and  subdivisions  of  the  arterial  system,  a  considerable 
degree  of  resistance ;  and  this  implies  that  there  must  be  a  i-elatively  high 

Sressure  throughout  the  whole  arterial  system,  a  pressure  which  in  tiie 
aman  arteria  femoralis  equals  that  of  about  120  mm.  of  merctiry.  After 
passing  through  the  capillaries  the  blo<id  arrives  in  the  veins  with  verj' 
little  velocity,  and  stands  in  the  veins  under  a  very  low  pressure,  which 
varies,  however,  according  to  the  location  of  the  vein,  and  is  greatest 
where  from  the  situation  of  the  vein  a  blood-column  of  considerable 
height  rests  upon  it.  In  the  great  venous  tninks  in  the  neighborhood  of 
the  thorax  the  presstire  is  generally  negative,  particularly  during  inspira- 
tion, as  the  thorax  during  this  stage  of  respiration  aspirates  the  blood 
from  the  veins  lying  without  the  chest.  Only  during  forced  expiration 
does  the  positive  pressure  within  the  veins  rise  somewhat  higher. 

At  a  given  moment,  the  degree  of  pressure  in  the  aorta,  the  mass  of 
the  blood  remaining  constant,  is  dej)endent  upon  the  work  of  the  heart 
and  upon  the  resistance  in  the  arterial  system,  and  this  in  turn  is  depen- 
dent upon  the  area  of  the  <'ombined  cros^sections  of  the  blood-vessels, 
van*ing,  as  it  does,  owing  to  the  elasticity  and  contractility  of  the 
arteries.  In  the  corporeal  circulation  the  tension  of  the  arteries  is  veiy 
considerable:  in  the  pulmonarj'  <*irculation  it  is  but  slight,  the  bloo<i- 
pn^ssure  in  the  pulmonar)*  artery  being  only  from  one  third  to  two  fifths 
that  in  the  aorta.  Both  the  heart  and  the  arteries  are  under  the  influence 
of  the  nervous  system  which  regulates  their  action. 

The  function  of  the  heart  consists  in  rhythmical  eontra<^tions  of  tlie 
heart-muscle,  and  its  nonnal  eflfieieney  presu])poses  that  the  heart-muscle 
as  well  as  the  heart-ganglia  is  sound.  Every  lesion  of  the  heart,  theiv- 
fore,  inasmuch  as  it  diniinislu's  the  contractility  of  the  heart-nnisde  and 
disturbs  the  action  of  the  cardiac  ganglia,  in  just  so  far  as  the  diininn- 
tion  in  the  efficiency  of  certain  parts  of  the  heart-inechanisin  is  not  com- 
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pensated  by  inorctifsed  nftiWty  of  other  j)arts.  will  impede  the  effective 
working  of  the  heart. 

Ill  Miaiiy  «*as(-s  wher*'  the  efliL-iiMifv  ctf  tin'  lieart  lias  Immmpkh'  impaiivd, 
cerlaiu  Hiiutfiinical  chan^rf!?,  surh  as  fatty  ilt^jU'i'iu'ration  ami  reU-cHsiiite- 
gration,  uau  l«-'  di'monstratiHl ;  in  litht'i-s  Ini^'I^^sc^(pi('  <>XHiuinati(iu  tails  to 
reveal  any  anatomical  difffrviiceH.  pMrtirnlai'Iy  in  onsf8  wluMt?  the  dimi- 
nution of  efBei<'n('y  1ms  rfstilt^'d  from  tlif  exhaustion  ennseqneiit  upon 
over-exertion.  This  may  oci-iir  t-ifher  when — as,  for  instaiin-,  in  eases 
of  fehrile  t^mpH-atiire — for  a  etpiisiderahle  lenfctli  **f  time,  the  lieait  por- 
fomis  its  function  under  unfjivttnd'Ie  eonditiims,  thou^di  at  im  time  fon'ed 
to  work  mon*  than  sli{.djtly  beyond  its  noritud  J*ate;  or  wlieu,  for  a  brief 
period,  tlie  Oeniands  upon  the  heart  hfeiune  excessively  t*evere.  AIf»re- 
oviT,  either  tn:)phi('  disturbances,  (u*  the  toxii*  rondilion  accinnjiaiiWng; 
the  febnle  infeetious  diseases,  or  sudden  diminntinn  of  the  hhiod-supply 
from  obstrui'tiou  of  a  coronary  artery,  may,  under  certain  eiivumstanees, 
brinp  about  lieai-t-faiJure  within  too  short  a  time  to  all4)\v  anatomieal 
lesions  of  thv  miismlur  tissue  to  become  n^eoginzuble.  A  further  obsta- 
cle t(i  thf  wtn'kiiiir  <if  tlu'  heart  is  octyisionally  caused  by  adiu-sioTis  of  the 
surface  td'  the  lieart  to  tlie  pericardium  and  to  I'diitijjuouw  pifrtions  of  the 
lunp:,  ina.-^Miu(rh  as  the  heart  is  thereby  hindered  in  the  aiuiilitude  of  it« 
iHiiiti'jictions. 

Tlinnij^rli  the  serous  collections  in  (lie  ]ieneunliuni  wlaeli  i>eeur  during 
the  course  (>f  certain  diseases,  tlirongh  pmuouneed  ile^recs  nf  tlnu'ocic 
defonnity,  thront^h  high  eom-cxity  of  the  diajihra^m,  tlie  reatly  enlarge- 
ment of  tlie  heart  durin^^  dta^^tnle  may  be  impeded,  and  thereby  the  free 
afflux  of  }>Iood  from  tin-  vi'iious  system  Iw  interfered  with  to  such  an  ex- 
tJiMit  that  nbiniately  tin*  hlotiil  is  hul  scmitily  fm-nislied  to  the  ventricles. 
ISlHtuId  rents  or  distitrfi^ms  nf  the  (laps  of  the  valves  occur,  or  adliesious 
between  them  arise  in  cdnseipience  of  j)athfih>pieal  processes,  or  should 
the  valve-tlaps.  tm  act-iMuit  of  dilatation  of  the  heart,  become  relatively 
too  short,  then  there  will  iw  developed  at  the  orifices  of  the  ventricles  the 
conditions  which  an.-  known  as  tnsuflicii'ucy  and  stenosis.  The  former  <tf 
these  is  a  conditinn  where  a  valve,  dnrintf  the  ciuitracti<»n  of  the  aurii-le 
or  ventricle  next  ahead  of  it.  fitils  to  completely  close  its  proper  orifice; 
the  hitter  u  condition  where,  during'  the  eontractinn  of  the  auricle  or  ven- 
tricle hehind  it,  the  ostium  fails  It*  hccome  suffleiently  widely  ojm'U.  The 
effect  of  any  stenosis  is  an  impc<limeiit  to  the  Hdvaneemenl  of  the  l.ihiod; 
in  the  ca-se  of  a<jrtic  or  of  jtuhijonary  insuffieicney  the  blood  escapes  dur- 
ing t  he  v^'titneuhir  ilinstolc  from  the  ^-eat  veswls  tta<'k  into  the  ventricles ; 
in  that  of  mitral  oi-  of  tricuspid  iiisnfiicienoy  th«  veutricidar  systole  forces 
the  I'lood  hack  into  the  irspeetivc  auricles. 

Finally,  elot>i  arc  n<it  infriHiuiMitly  f4U'nie(l  in  the  heart,  and  tliese, 
nnd'M'  ccrtjiin  circiunstjuiccs- — namely,  when  they  lie  in  proximity  to  the 
ostia — on  the  mtic  Inuul  interfere  with  the  chtsurc  af  the  vidves,  and  on 
the  rither  hand  cause  a  imrrowinij  of  the  orittce. 

The  uuiversfd  operation  of  all  the  above-mentioned  pathological  con- 
ditions of  the  heart  is  to  [mnhn'e  the  followiuu""  results;  the  efficiency 
of  the  heart's  function  becumes  impaired,  too  sniidl  a  volume  of  blo(»d 
is  in  a  given  time  delivcn^d  to  the  arterial  system,  and  eonsei|uently  the 
blood-pressuiv  in  the  aorta  falls,  the  vchjcity  of  the  bhaxl-curreut  is  less- 
euetl,  luad  tJie  bh>od  e<»lhrt.M  more  ami  more  in  the  venous  system,  wliile 
the  i>ressnro  in  the  veins  rises.  '  There  is  consequently  an  inrftm)iUte  HU- 
itxj  of  (hr  (trftrie^  thi-oughout  the  whole  btxly.  van'ing.  indeed,  in  the  sev- 
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eml  parts  according  to  the  degree  of  contraction  taking  place  in  individ- 
ual groups  of  arteries,  while  both  veins  and  capillaries  are,  on  the  other 
hand,  overfilled  with  blood.  Tlie  condition  becomes  one  of  general  i'etious 
ht/per(fmia,  which  may  in  some  parts  become  so  great  that,  on  account  of 
the  engorgement  of  the  capillaries  with  venous  blood,  the  tissues  acquire 
a  //rirf,  cyanotic  uppenratice.  When  the  difference  between  the  pressure 
in  the  arterial  and  that  in  the  venous  system  reaches  a  certain  minimum, 
the  circulation  is  arrested,  while  the  right  auricle  and  ventricle  ai*e  dis- 
ten<led  with  blood. 

Should  the  contractions  of  the  heart  have  become,  from  any  cause, 
feeble  and  incomplete,  then  the  pulse-wave  also  is  small.  Should  the  rate 
f»f  the  heart-beats  become  slower,  the  arterial  system  during  the  interval 
l)etween  two  systoles  tends  to  empty  itself  more  than  normally. 

If  the  impairment  of  cardiac  efficiency  is  essentially  dependent  upon 
imperfe<^t  function  of  the  left  side  of  the  heart,  as  is  the  case,  for  instance, 
in  valvular  lesions  of  the  left  heart,  then  the  distiu-bance  of  the  circula- 
tion first  becomes  manifest  in  the  arterial  portion  of  the  corporeal  and 
in  the  pulmonary  circulation. 

With  stenosis  at  the  aortic  orifice,  the  arteries,  if  the  heart's  action  re- 
main nnchangtnl,  fill  but  slowly  and  incompletely  (pulsus  tardus).  With 
insufficiency  of  the  aortic  valves,  a  normal  or  even  an  increased  volume 
of  blood  is  thrown  into  the  arteries  (pulsus  celer) ;  a  portion  of  this,  how- 
ever, fiows  back  into  the  ventricle  during  diastole.  In  both  cases  an  over- 
distention  of  the  left  ventricle  becomes  more  and  more  established,  and 
eventually  it  leads  to  an  interference  with  the  emptying  of  the  left  auri- 
cle, and  thereby  to  over-accuraulation  of  blood  in  that  chamber  and  sub- 
sequently in  the  pulmonary  veins.  Owing,  however,  to  the  low  pressure 
in  the  pulmonary  circulation,  the  blood  is  readily  dammed  back  upon  the 
right  ventricle,  and  the  tendency  to  blood-stasis,  extending  beyond  this, 
n^aches  to  the  right  auricle  and  finally  to  the  venous  system  throughout 
the  body. 

A  similar  effect  upon  those  portions  of  the  cii'culatory  apparatus  which 
lie  back  of  the  left  auricle  is  caused  by  valvular  lesions  at  the  mitral  ori- 
fice, as  in  these  cases  also  there  is  blood-stasis  in  the  pulmonary  circula- 
tion and  a  rise  of  pressure  as  well  in  the  pulm(mary  veins  as  in  the  pul- 
monan-  arteries;  while  the  left  ventricle  either  receives  too  small  a  sujv 
ply  of  blood  (stenosis)  or  during  its  contraction  drives  back  a  portion  of 
its  contents  (insufficiency)  into  the  auricle. 

In  vaUnilar  lesions  at  the  (u-ifices  of  the  right  heart,  the  damming  back 
of  the  bloo<l  is  limited  to  the  veins  of  the  coi-poreal  circulation,  while  in 
the  pulmonary  circulation  both  velocity  and  pressure  are  diminished. 
Ultimately  the  pressure  falls  in  the  aortic  system  also,  as  the  left  side  of 
the  heart  receives  a  diminished  supply  of  bhjod. 

Damming  back  of  the  blood  in  the  great  veins  of  the  body  often  gives 
rise  to  renom  puhaHon  in  the  ueighborliood  of  the  thorax,  tus  in  these  veins 
waves  m<tving  toward  the  capillaries  ari.sc,  which  (»verc<»me  and  jmiss  the 
venous  valves,  and  in  particular  the  valve  in  the  bull)  at  the  junction  of 
tlie  internal  jugular  and  saib<*lavian  veins.  The  cau.se  of  the  ven<m.s  pul- 
sation is  the  failure  of  the  valves  in  the  veins  to  i-lose.  In  case  of  inii)er- 
t'wt  function  of  the  valve  at  the  l)ulh  tliis  pul.satio!i  may  l>e  observe*!  in 
a  slight  degree  even  during  normal  actitni  of  the  heart;  but  when  tlierc 
is  distention  of  the  veins,  and  parti<'uhirly  when  there  is  tricnsj)id  insuffi- 
cieney,  the  pulsation  is  far  stronger  and  is  traceable  much  fartlier  toward 
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the  periphery.  If  the  tricuspid  still  close  completely,  the  venous  pulsa- 
tion is  then  only  the  expression  of  the  rhythmical  recurrence  of  an  inter- 
ruption to  the  outflow  of  the  blood  from  the  veins ;  if  the  tricuspid  be  in- 
competent, blood  is  driven  back  upon  the  veins  during  the  contraction  of 
the  right  ventricle. 

"Wien  certain  of  the  chambers  of  a  heart  affects  with  valvular  lesions 
become  distended  with  blood,  the  muscular  walls  of  these  chambers  may, 
by  an  increased  activity,  compemate,  to  a  certain  degree^  for  such  vah*ular 
defects.  In  course  of  time  an  increase  in  volume — a  hypertrophy  of  the 
heart-muscle — follows,  and  enables  the  heart  for  an  indefinite  period  to 
meet  the  increased  demands  upon  it.  Such  compensation,  however,  fre- 
quently becomes  insufficient,  with  the  result  that  the  pressure  permanently 
remains  abnormally  low  in  the  aorta  and  abnormally  high  in  the  veins. 
There  is,  at  the  same  time,  the  danger  that  the  heart-muscle  may  tire  in 
time,  or  that  a  very  slight  illness  may  render  the  heart  insufficient.  Thus, 
for  example,  a  prolonged  quickening  of  the  heart's  action,  in  that  it  abbre- 
viates the  diastolic  rest  of  the  heart-muscle,  may  suffice  to  bring  about 
fatigue  and  insufficiency  of  the  heart.  Cardiac  arrest  finally  follows,  with 
great  accumulation  of  blood  in  the  heart  from  sheer  inability  of  the  organ 
to  drive  onward  the  mass  of  blood  flowing  into  it. 

Quickening:  of  the  heart's  action — that  is,  increase  in  the  frequency 
of  the  contractions,  each  being  strong  and  full — causes  a  rise  in  arterial 
blood-pressure  and  an  increased  velocity  of  the  blood-current.  When 
increased  demands  are  repeatedly  made  upon  the  left  side  of  the  heart 
— as  frequently  happens  in  consequence  of  severe  bodily  labor,  of  a  life 
of  excitement,  or  of  abnormal  irritability  of  the  cardiac  nerves — the  left 
ventricle  may  become  hj'pertrophied  and  may  act  permanently  with  in- 
creased force.  Inasmuch  as  from  quickening  of  the  blood-current  the 
right  cavities  of  the  heart  receive  a  larger  amount  of  blood  during  dias- 
tole, the  hypertrophy  of  the  left  side  of  the  heart  is  ordinarily  accom- 
panied by  a  similar  condition  of  the  right  ventricle. 

Lessening  of  the  mass  of  the  blocNdl,  or  general  anaemia,  from  haem- 
orrhage, leads  to  a  temporary  lowering  of  pressure  in  the  aorta;  but  if 
the  loss  of  blood  was  not  excessive,  this  pressure  presently  rises  again 
as  the  blood-vessels  adapt  themselves  to  their  new  conditions,  and,  as  a 
consequence  of  the  stimulation  of  the  vaso-motor  centre  through  local 
ana?mia,  display  a  higher  degree  of  contraction.  Under  norm^  condi- 
tions a  speedy  increase  in  the  mass  of  the  blood  takes  place  thi'ough  ab- 
sorption of  fluids,  and  later  on  through  regeneration  of  the  blood  proper. 
Similarly,  the  arterial  pressure  is  lowered  and  the  blood-current  slowed 
in  anhydriEmia — i.e.,  in  diminution  of  the  fluid  portion  of  the  blood. 
After  severe  haemorrhage  the  arterial  pressure  remains  low  for  a  consid- 
erable period  of  time,  the  circulation  being  slowed,  and  the  pulse,  l>ecau8e 
of  the  stimulation  of  the  vagus-centre  (Cohuheim),  being  fi'equent  and 
small. 

In  ease  of  long-eon  tinned  diminution  of  the  mass  of  the  blood — that 
condition  which  is  known  as  chronic  ansmia,  and  which  appears  under 
many  different  cinnimstances  (.see  Seetion  I.  of  the  Specifd  Part) — the 
vascular  system  is  but  imperfectly  filled,  tlie  blood-pressure  is  lowered, 
and  the  blood-cuiTent  is  slowed.  Both  the  heart  and  the  blood-vessels 
adapt  themselves  to  the  new  conditions  and  become  diminished  in  vol- 
unu'.  With  great  deficienev  in  hrt'mofjlobiu.  degenenition  of  the  heart- 
muscle — particularly  fatty  degt*neration — frequently  takes  place. 
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lu  the  lower  animals  increase  In  the  volume  of  the  blood  through 
iujection  of  blood  or  of  Balt-solntions  into  the  vessels  is  followed  by 
only  a  temporary  increase  in  the  blood-pressure  and  in  the  velocity  of 
the  blood-current  (Cohuheim).  A  return  to  the  normal  foUows,  partly 
through  the  dilatation  of  a  portion  of  the  vascular  system,  particularly 
in  the  abdomen,  partly  through  the  elimination  of  the  surplus  from  the 
vessels.  If  the  mass  of  the  blood,  as  a  result  of  some  special  diathesis 
or  of  high  living,  come  to  stand  in  abnormally  high  proportion  to  the 
weight  of  the  body,  if  there  exist  a  permanent  condition  of  plethora, 
the  pressure  in  the  aorta  will  then  be  permanently  raised  in  consequence, 
the  task  of  the  heart  will  be  permanently  increased,  and  a  corresponding 
condition  of  hypertrophy  will  ensue. 

§  35.  Increase  of  general  vascular  resistance  occurs  as  well  in  the 
C4>rporeal  as  in  the  pnlmonaiy  circulation,  and  results  in  increased  pres- 
sure behind  the  point  of  increased  resistance,  and  diminished  pressure 
ahead  of  it. 

In  the  corporeal  circulation  the  hindrance  may  lie  either  in  the  main 
vessel,  the  aorta,  or  else  in  the  arterial  branches,  whose  degree  of  con- 
traction maintains  and  governs  the  pressure  in  the  aorta.  General  vas- 
cular contraction  involving  the  areas  supplied  by  a  large  number  of 
arteries,  and  sufficiently  well  marked  to  increase  the  blood-pressure,  is 
generally  but  a  temporary  disturbance  which  passes  off  with  the  relaxa- 
tion of  the  arterial  excitement ;  nevertheless  a  permanent  increase  in 
blood-pressure  does  occnr,  accompanied  by  hypertrophy  of  the  left  ven- 
tricle, and  it  cannot  well  be  accounted  for  otherwise  than  as  the  result 
of  a  contraction  of  the  lumen  of  the  smaller  arteries.  Temporary  vas- 
cular contraction  and  increase  of  pressing  occnr  particularly  through 
overcharging  of  the  blood  with  carl)onic  acid ;  permanent  increase  of 
pressure  in  the  aorta,  on  the  contrary,  is  a  result  of  chronic  kidney- 
disease  in  which  the  secreting  parenchyma  of  the  kidney  is  destroyed, 
with  which  destruction  the  increase  of  blood-pressure  stands  doubtless 
in  direct  relation.  Inasmuch,  however,  as  that  portion  of  the  vascular 
system  which  in  this  case  is  cut  off  is  far  too  inconsiderable  to  cause,  by 
itself,  an  increase  of  pressure  throughout  the  whole  aortic  system — since 
the  blood-vessels  leading  in  other  directions  might  well  l>ecome  corre- 
spondingly relaxed — we  are  compelled  to  assume  that  in  kidney-disease 
other  ot«tacles  to  the  circulation  are  developed  throughout  more  con- 
siderable vascular  areas,  and  these  we  most  naturally  seek  in  that  appa- 
ratus which  normally  serves  to  maintain  the  aortic  pressure  at  its  proper 
level — namely,  in  the  smaller  arteries  distributed  throughout  the  body. 
Whether  we  have  to  do  with  reflex  stimulation  from  the  kidneys  through 
the  nerves,  or  whether  with  retained  urinary  ingredients  working  upon  the 
vrt.^*o-motor  centres  or  directly  upon  the  walls  of  the  vessels,  or  whether 
with  the  heart  driven  to  more  forcible  action  through  stimulation  of  its 
nerves,  we  are  not  at  present  able  to  determine. 

Increase  of  pressure  in  the  aorta  may  result  from  stenosis  of  this 
vessel,  which  has  occurred  in  rare  cases  at  the  isthmus,*  or  from  (;ongeii- 

•  The  "  ifltfamus  ^  of  the  aorta,  I  suppose,  is  the  pf>int  where  it  pierces  tlie 
diaphragm.  I  am  not  familiar  with  the  term,  and  I  am  unable  to  And  any 
reference  to  it  in  Quain's  or  Henle's  Anatomy,  or  in  the  Medical  Dictionaries  of 
Kthos  and  Foster.— Translator's  Note. 
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ital  naiTowuess  of  the  whole  aorta,  or  from  lai'pc  aortii*  tliroralii,  or  from 
Jill  lulviun'r'il  Ktiip'  (if  (lisfHttt'  of  tlio  ve^>.s^'l•\VHll,  witii  tlit?  intinja  eonse- 
queiitly  rough  iiud  lumpy  iiud  the  wlmh'  vesst*!  ri^id,  iiudastics  niul 
uiiyieUling,  or,  Anally,  from  a  geiienil  ilihitatioii  of  the  vessel,  wliereby 
coantor-fM]ri*cnt.s  an?  formed  in  the  jtas-siiij;  blooil-stri'iim. 

Diminution  of  the  total  resistance  in  the  corporeal  circulation  js 
possible  through  nduxatinu  of  the  tone  {nmseular  eoutiw^tion)  of  a  lar^ 
part  »)f  tin*  aiteries,  an  event  whirh  tolluws  wiien  the  va-so-inotur  eeutre 
IS  paralyzf'd  or  when  the  cervical  rord  is  divided  or  pnrlly  (h*stn>ved  hy 
any  otJur  in-oi»'s*r.  As  the  hlood,  in  this  nisf,  Hows  too  c|uiekly  from  the 
arteries  over  into  the  veins,  an  e(|uali/ntion  of  tlie  ]>ressure  between 
arteries  and  veins  follows,  liie  blood-eun-ent  is  slackened,  the  lieail  i*e- 
eeives  during  diastole  au  iusuffieieney  of  blood,  and  the  flinnilation  may 
finally  eofue  to  a  standstill. 

Increase  of  the  resistance  in  the  pulmonary  circulation  arisen  most 
freijiiently  in  t'ouseipieni-e  of  disi^ase  of  tlie  Inu^  and  of  the  plenra. 
Adiiesion.s  of  tlie  i>leniie.  as  well  as  enrvature  (d'  the  spine,  may  be  a 
i'anse  of  such  increasi-d  resi.stan(*e,  iu  that  they  eiiiisr  displacement  of  the 
lunjTs  and  hindi-r  liic  respiratory  movements  of  the  ehest-wall  and  thereby 
cause  the  witluU-aual  of  an  eflicitiit  ai<l  to  Ebc  circulalion.  Of  jfreat  in- 
tlueuce,  m4»reover,  are  diseases  which,  like  emptiysema,  contraction,  and 
tither  disturbances  of  the  lung's,  lea<l  t*)  impermeability  of  a  portion  of 
the  pnlmttnary  cajnllaries;  and.  furthennore.  (he  same  is  tnie  of  eompivs- 
sion  of  the  lunps  by  pleural  exudations,  an<i  of  cftinju'cssion  of  the  pnl- 
raonan"  nrtrrics  by  aortic  aiicnvism  or  by  tumors. 

If  tbc  ol<sta<'le  be  but  ini'onsidcrabl*-,  (he  blood  ean  still  make  for 
itself  a  free  jmssajje  to  the  left  side  of  the  lieiirt  without  inci-ease  in  the 
bhtod-pressure ;  only  the  veh>eity  of  the  flow  is  increased  throuj^li  the 
'•hjoinels  that  still  areojHMi.  (?rea(er  olwtacles  cause  iiu'i-ease  of  pressure 
in  the  puluunmry  artery  and  in  tlie  riglit  side  of  the  hern-t,  and,  if  the 
condition  cimtinue  for  a  hmp  time,  they  may  cause  hypertrophy  of  the 
ri^ljt  ventriule  through  inereitsi'd  exerfioii  ot  tin*  Iieart.  This  can  <ndy 
come  to  |mss,  however,  when  the  nutrition  of  the  heart-nnisdc  is  mean- 
time niaintuined,  and  when  the  mass  of  the  blood  is  not  diminislied  to 
eorrespiind  wilh  Die  diminution  iu  the  area  of  the  pulmonary  tract.  If 
tiie  ri^'ld>  side  of  the  heart  do  luit  succeed  in  overi'omin^  the  obstacles  iii 
the  pulmonary  eivcuhitiott,  lin'  bh>od  is  then  dammed  Imi'k  upon  the  right 
side  of  thi*  heart  and  eventmilly  upon  tlie  veri(»iis  system. 

Rise  of  the  pressure  in  the  right  half  of  the  thttrax  hinders  the  influx 
of  the  venous  blood  into  the  right  auricle,  and  causes  an  acennuilation 
of  )>lood  in  the  veins  of  the  whf»U'  IhhIv. 


The  observation  that  cardiac  hypertrophy  results  from  different  renal  diseases 
has  been  differently  explained  by  (UlTorent  authors.  Smiu-  sei-k  the  cauw  (»f  the 
phenomenon  in  uii  iiicrcnse  iu  the  mass  of  the  bluod  {Traube,  li«niherj;cr) : 
othi-rs  (Senator.  Kwald)  tliink  it  dependent  upon  a  i^hnuiefe  in  the  eom|K»sition  of 
the  blood;  others,  a^fiin  ((iiiU  and  Sntt*m).asi'ribc  it  to  a  wide-spread  alteration 
in  the  walls  of  the  smaller  arteries.  Buhl  altributes  it  toovemourishment  of  ihe 
heart.  The  final  res^ult  of  recent  investigations  places  beyond  doubt  the  depen- 
dence (tf  the  cnrdiao  liypertrophy  aeei^nipauyiug  n-nal  dist'ftse  upon  an  increaiie 
of  artennl  pressure.  According t<!<'ohnheim.  the  proportionofunexoreted  waste 
products  in  the  blood  is  the  detemninng  factor  of  the  degree  of  contraction  of 
tlie  renal  arteries.  In  renal  disease  tlie  snnie  auionnt  of  bloo<l  is  carried  t-o  the 
kiilnevft  as  when  the  kidneys  are  sound.  If  now  an  abnormal  resistance  ia  in- 
troduced beyond  the  renal  arteries,  the  arterial  pressure  rises. 
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Aptiording  to  my  opinion,  the  increase  in  aortic  pressure  is  most  readily  to  be 
explained  by  the  increase  in  the  resistance  throughout  the  small  arteries  of  the 
whole  body.  If  cardiac  hypertrophy  follow  a  primary  renal  affection  we  must 
suppose  tliat  on  account  of  tne  latter  the  resistance  outside  of  the  kiduevs  is  also 
increased.  This  is  caused  by  contraction  of  the  smaller  arteries,  ana  this  in 
turn  must  be  brought  about  either  bv  the  direct  action  of  retained  waste  pro- 
ducts upon  the  arterial  walls,  or  else  by  reflexes  starting  from  the  kidneys,  or, 
finallv,  DT  irritation  of  the  vaso-niotor  centres.  It  is  also  possible  tliat  the  heart 
may  by  these  same  means  be  stimulated  to  increased  exertion. 

According  to  the  observations  of  Lowit,  compression  of  the  trunk  of  the 
aorta  sometimes  does  and  sometimes  does  not  cause  an  increase  of  blood-pressure 
iu  the  pulmonary  artery.  Lowit  considers  this  rise  in  pressure  to  be  iudepen- 
dent  of  the  stasis  in  the  left  auricle.  In  his  opinion,  the  rise  does  not  result  from 
a  damming  back  of  the  blood  from  the  left  on  to  the  right  side  of  the  heart,  but 
much  rather  is  caused  bv  an  increased  afflux  of  blood  to  the  right  side  of  the 
hear^  which  is  in  its  turn  brought  about  by  a  relaxation  of  the  contracted  arteri- 
oles due  to  cerebral  amemia.  The  correctness  of  Lowit^s  obser\'ations  cannot  l>e 
called  in  question,  and  his  interpretation  also  is  to  be  accepted,  but  it  is  by  no 
means  to  be  considered  as  showing  that  in  cases  of  permanent  obstructions  in 
the  corporeal  circulation,  or  in  the  left  side  of  the  heart,  which  cause  a  setting 
back  of  the  blood,  such  a  damming  back  of  the  blood  does  not  reach  the  pul- 
monary artery  and  by  way  of  the  lungs  extend  beyond  it  into  the  right  side  of 
the  heart. 

II.  Local  Hypereemia  and  Local  Aneemla. 

§  36.  To  the  blood  is  assigued  the  function  of  carrj'iug  uourishineut 
to  all  the  organs  and  tissues  of  the  body.  The  cells  and  cellular  struc- 
tures of  which  the  various  tissues  are  composed  are  able  to  maintain 
their  existence  but  a  short  time  without  the  advent  of  fresh  supplies  of 
nutritive  material,  and  for  this  reason  most  of  the  tissues  are  provided 
with  blood-vessels,  and  such  tissues  as  lack  them  are  placed  in  the  most 
intimate  connection  with  vascular  structures. 

The  demands  of  the  various  tissues  for  l)lood  are  not  always  uniform, 
and  there  is  consequently  in  the  various  tissues  an  alternating  inci-euse 
aiul  decrease  in  the  afflux  of  blood,  and  at  the  same  time  in  the  amount 
of  blood  contained  within  the  organ  or  tissue  at  a  given  moment.  An 
organ  richly  filled  with  blood  is  designated  as  hypcraemic ;  if  containing 
but  little  blood  it  is  said  to  be  aneemic. 

The  regulation  of  the  volume  of  blood  which  an  organ  i-eceives  under 
physiological  conditions  is  brought  about  by  a  changt^  of  the  resistance 
in  the  afferent  arteries,  and  this  change  is  passively  effected  by  variations 
in  the  calibre  of  these  vessels.  Inasmuch  as  the  mass  of  the  blood  in  the 
IkhIv  does  not  suffice  to  fill  all  the  vessels  at  once,  an  extra  supply  for 
one  organ  becomes  possible  only  by  diverting  the  blood  fi-om  other 
directions.  The  change  in  the  calibre  of  an  artery  is  determined,  aside 
from  the  blood-pressure,  by  the  elasticity  of  its  walls  and  by  the  degree 
of  contraction  of  its  organic  muscidar  fibres.  These  fibres  are  the  regu- 
lating agents,  and  their  action  is  dejwndeut  partly  upon  influences  acting 
on  them  directly,  partly  upon  nervous  impulses  fronj  the  intravascular 
plexuses  and  from  the  vaso-motor  centres  in  the  spinal  cord  and  in  the 
medulla  oblongata;  some  stimulating  and  others  inhibiting  the  muscular 
action. 

When  the  variations  from  a  mean  in  the  blood-su])p]y  of  a  i>art  over- 
step the  physiological  limits,  or  when  these  variations  arise  without  their 
physiological  causes,  or  when  the  Cfuidition  is  unduly  ju-otracted,  we  then 
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call  the  state  one  of  patholofi^ical  hyperseniia  or  of  patholoj^ical  aiuemia. 

These  conditions  are  only  in  part  caused  by  the  same  governing  mechan- 
ism which  determines  the  normal  l^lood-supply  of  an  organ. 

§  37.  Hyperaemia  of  an  organ  is  caused,  under  pathological  condi- 
tions, either  by  an  increase  of  the  arterial  supply  or  by  an  obstruction 
and  hindrance  to  the  venous  outflow,  and  we  distinguish,  accordingly, 
an  actii'e  or  congestive  (arterial)  hyperasmia  and  a  passive  or  stagnation 
(venous)  hyperemia.  Active  hyperiernia  arises  from  an  increase  of  the 
afflux  of  blood  {congestion),  and  is  either  idiopathic  or  collateral.  The  first 
of  these  plays  the  more  important  r61e,  and  depends  upon  a  relaxation 
of  the  miiseular  tunics,  which  is  caused  either  by  paralysis  of  the  vaso- 
constrictor  nerves  {neuroparalytic  congestion),  or  by  stimulation  of  the  vaso- 
dilators {neurotic  congestion),  or  by  direct  weakening  or  paralysis  of  the 
muscles  (as,  for  instance,  through  heat,  bruising,  the  action  of  atropin, 
brief  interruptions  of  the  blood-current),  or,  fintdly,  by  diminution  of  the 
pressure  bearing  on  the  vessels.  Collateral  hypertemia  is  merely  the  result 
of  a  diminished  flow  of  blood  to  other  parts.  It  arises  first  in  the  imme- 
diate neighborhood  of  the  parts  whose  blood-supply  is  lessened ;  afterward 
tlie  blood  may  be  driven  also  to  such  other  more  remote  organs  as  may 
require  it. 

Active  hyperasmia  is  accompanied  by  more  or  less  tnarked  redftess  and 
swelling  of  the  part — changes  wnich  are  quite  striking  in  tissues  that  are 
rich  in  blood-vessels.  The  blood  flows  through  its  widened  channels  with 
increased  velocity  and  lends  to  the  tissue  the  color  of  arterial  blood. 
Tissues  situated  superficially,  and  thus  exposed  to  cooling,  grow  warmer, 
in  consequence  of  the  more  active  passage  of  blood  through  them  than 
through  the  surrounding  parts  less  generously  supplied  wiQi  blood. 

Passive  hypersmla  is  a  consequence  of  retardation  or  obstruction  of 
the  flow  of  blood  in  the  veins.  A  general  tendency  to  blood-stasis  throughout 
the  corporeal  circulation  follows  directly  whenever  feebleness  of  the  heart's 
action,  insufficiency  or  stenosis  of  the  cardiac  valves,  or  obstructions  in 
the  pulmonai*y  circulation  impede  the  emptying  of  the  large  veins  into 
the  right  side  of  the  heart.  In  the  pulmonary  circulation  it  is  more 
particularly  aortic  or  mitral  lesions,  or  weakness  of  the  left  side  of  the 
heart,  less  frequently  obstacles  in  the  arterial  portion  of  the  corporeal 
circulation,  wliich,  by  obstructing  the  outflow  of  blood  from  the  lungs, 
lead  to  a  pulmonary  stasis;  the  latter  not  iufi'equently  reaching  a  degree 
that  makes  the  damming  back  of  the  blood  appreciable  in  the  right  side 
of  the  heart  as  well  a«  in  the  veins  of  the  corporeal  circulation  (cf.  §  34). 

Local  stasis  may  follow  directly  from  the  fact  that  the  progress  of  the 
blood  through  the  veins  lacks  the  continued  support  of  the  action  of  the 
muscles  and  of  the  aspiration  of  the  blood  thn)ugh  the  inspiratory  en- 
largement of  the  thora<'ic  cavity.  The  defection  of  the  first  of  these 
auxiliarj'  forces  becomes  most  obx-ious  in  the  area  of  distribution  of  the 
inferior  vena  cava ;  as,  for  instance,  in  subjects  who  Jive  continuously 
sedentary  lives,  or  who  stand  a  gi-eat  part  of  the  time  without  active 
bodily  movements,  so  thnt  the  task  of  emptying  the  deep-seated  veins 
into  the  trunk  of  the  vena  cava  falls  almost  exclusively  upon  the  forces 
inherent  in  the  walls  of  the  veins — namely,  their  elasticity  and  con- 
tractility— these  forces  being  insufficient  to  drive  onward  the  column 
of  blood  which  presses  against  the  walls  of  the  vessel.  An  inadequate 
aspiration  through  the  respirator^'  movements  makes  itself  felt  when  res- 
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Ill 


piration  U  interfered  with  by  inHaiiimaliou  or  other  disease  j>roces8es  in 
the  hings  or  the  pleiiiiL 

A  fuither  cause  of  local  passive  hypeiwrnia  cousistj*  iu  the  uarrtiwiug 
or  clusiujr  of  pai-tiiMilar  veins,  as  occurs  in  eoiupressiou,  ligaAiou,  tlie  for- 
mation ot  tUroiubi  (§  39),  and  the  invasion  of  tiic  veins  hv  ucopla^nis. 
The  pref»iiaiit  uUtus,  for  example,  oi*  a  pelvic  timntr  may  citrnpress  the 
veins  of  the  pelvis,  a  thrombus  may  choke  the  ccivbnil  sinnscs  or  the 
feiaoral  or  the  poi^tal  vein,  or  a  sarcoma  of  the  pel\"is  may  grow  into  the 
great  pelvic  veins, 

Slioiild  any  single  vein  become  uceluded  by  any  of  the  above  pro- 
eesses,  or  bo  ligatiMl  durin^^  operation,  tlir  effect  af  such  occhision  is  often 
very  iucotisideniblc.  inasmuch  an  tlie  vein  in  question  may  liave  free  and 
manifold  connection  with  other  vtins,  so  that  m>  considcrabh*  ohstiwle  is 
creat4?d  t<*  the  progress  of  the  bUnKj.  If,  on  the  4»tlier  hand,  th<'  <M'i'hided 
vein  liiis  no  auxiliaries,  or  if  tlicse  nn'  insufficient  for  the  jjassage  of  the 
blood — as,  for  instance,  is  the  ease  with  the  nwlicles  of  the  iwtrtal  vein, 
witli  the  siniLses  of  the  dura  mati^r,  with  the  fetnond  or  witn  the  renal 
veins — then  a  gi*eater  or  less  degree  of  stasis  occurs  in  the  areii  of  dis- 
tribution of  the  vein  affected. 

The  effect  of  tlic  obstjiele  to  the  ciivuhition  shi»ws  itself  tirst  in  the 
jtorliou  of  the  vi-in  wliicli  lies  itctween  the  obstruction  and  the  poripherv, 
the  blood-ciin-ent  in  f liis  part  ttceoniiiiff  sh »wed  or  entirely  che<'ked.  wliile 
at  fhe  same  time,  thrttugli  continued  nfflux  of  bhiod  from  the  ea])illarics, 
a  pr<>gressive  tilbnj,'  and  slreteliiug  of  the  vein  follows.  If  tlirougli  the 
eonipensatorj-  lu'tion  of  the  clastie  and  contractile  vessel-wall,  in  yielding 
more  and  mni*c  Ut  the  pressure,  the  obstruction  can  be  overeome,  the 
eireulalion  will  reninin  intact,  and,  thronjjfh  such  cluiunels  as  it  still  finds 
open  to  it,  the  Ithjod  will  flitw  on  to  the  lieart ;  and  oftentimes  under  these 
circumstances  the  suudl  veins  which  have  to  pei-form  this  inereased  labfu* 
become  gr'adually  much  dilatol,  and  are  eventually  converted  into  veins 
of  largt^  size.  If  the  obstruction  eammt  lue  overcome,  and  if  no  eonimuui- 
eatin^  vessels  capable  of  dilatation  are  at  hanil,  tin-  i-ireuhUiou  will  be 
arn'sted,  and  a  comlitiou  of  coini>h'te  stiL^is  (§  42)  or  of  tlirojribosis  (§  39) 
will  Tk'  hrouglit  about  in  the  iu-ea  of  distribntion  of  the  oUstrueted  vessel. 

If  the  arrest  of  the  blood  in  tlu;  aiva  of  distribution  of  a  vein  extends 
to  the  capiUaries.  so  that  these  become  distended  with  blood,  this  will 
impart  a  r*'Mi»h-hluf,  rt;ftno(ir  hue  to  tlie  surroiuiding  tissues,  and  a  cer- 
tain amount  of  sfrvUimj  will  take  platre  iu  them. 

Both  a*^tiv4'  hypenemia  and  passive  hyiienrmia,  observed  during  life, 

amy  take  on  tpnte  a  diffei-ent  appearance  after  de^th,  and  may  even,  iu 

not  a  few  instjiuees,  entirely  disai)])ear.     This  is  esi>ecially  the  case  with 

active  hy]>envmia  of  the  skin  ami  sometimes  with  tbat  of  the  mucous 

meinViranes,  and  it  is  dependent  upon  the  fact  that  the  tissues,  jait  upon 

the  (stretch  by  the  dilatation  of  the  eaiiillaiies.  contract  dim-n  npon  the 

hitter  after  the  cea.'^iug  <vi  the  eitvidation,  and  by  their  counter-iu-essnre 

drive  the  contA-Uts  of  the  capillHries  on  into  the  veins.     Tissues  whieh 

iiiay  have  been  red<leucd  during  Hfe  may  ai-eordingly  appear  jjale  after 

death.     As  converse  to  this,  other  tissues  whieh  during  life  were  i>ale,  or 

at  least  showwl  no  particnlar  redness,  may  take  on,  after  death,  a  r-eddisli- 

-idnw  color.     Tliis  occurs  i-specially  upon  the  sides  and  biwk  of  the  trunk 

parts  haiUK'u  to  be  ui>penuo.st)  niul  upon  the  back  of  the 

"►sterior  asjicet  of  the  i*xlremities  of  a  cadaver  lying  face 

'>  be  explained  by  the  fact  that  after  death  the  blood 
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sinks  to  the  most  dependent  parts,  and  fills  not  only  the  veins,  but  finally 
also  the  capillaries.  The  phenomenon  is  known  as  post-mortem  hyposta»iSy 
and  the  spots  are  known  as  deatk-spots  or  livid  upots  {Uvores).  They  ap- 
pear as  early  as  three  hours  after  death,  and  their  number  and  size  are 
proportionate  to  the  amount  of  blood  contained  in  the  skin  and  in  the 
subcutaneous  tissues  at  the  moment  of  death. 

In  the  internal  organs  post-mortem  hypostasis  is  particularly  ai)pa- 
rent  in  the  pia  mat-er,  whose  dependent  veins  are  generally  more  com- 
pletely filled  with  blood  than  those  lying  above  them.  In  the  lungs  we 
get,  througli  the  settling  of  the  blood,  engorgement  not  only  of  the  veins, 
but  also  of  the  capillaries. 

Whenever  during  life,  on  aeeouut  of  cardiac  insufficiency,  the  general 
circulation  is  imperfect  and  partial  stagnation  of  the  blood  follows,  the 
blood  often  collects  in  a  similar  w^ay  in  the  dependent  portions  of  the 
body,  partly  because  it  is  not  driven  out  of  them,  and  partly  because  it 
sinks  into  these  parts  from  those  situated  on  a  higher  level.  This  phe- 
nomenon, likewise  designated  as  hypostasin,  is  particularly  observed  in  the 
lungs  (hypostatic  congestion). 

For  observing  the  circulation  during  life,  and  its  behavior  under  changes  of 
velocity  and  pressure,  we  make  use  of  either  the  toufi^e  or  the  web  of  the  foot 
of  a  curarizea  frog  •  properly  spread  on  an  object-holder.  A  very  simple  expe- 
dient, for  instance,  is  to  draw  oat  the  tongue  and  spread  it  over  a  cork  cemented 
upon  the  object-holder,  and  fasten  it  there  with  pms.  With  a  normal  circula- 
tion both  the  pulsating  arterial  current  and  the  steady-flowing  venous  current 
exhibit  a  marginal  zone  of  blood-plasma.  If  by  ligation  of  the  efferent  veins 
we  induce  a  partial  stagnation  the  flow  becomes  slowed,  the  clear  marginal 
zone  of  blood-plasma  di^ppears  from  the  veins,  and  both  veins  and  capilmnes 
become  distended  with  accumulated  red  blood-corpuscles.  After  a  certain  time 
the  tongue  begins  to  swell  through  infiltration  with  transuded  fluid. 

The  frog's  tongue  and  the  web  of  the  frog's  foot  are  also  well  adapted  to  the 
study  of  the  circulation  during  active  hyperaemia  and  during  aneemia. 

According  to  the  investigations  of  Landerer,t  the  wall  of  a  capillary  vessel 
embedded  in  the  tissues  supports  only  from  one  third  to  one  half  the  blood- 
pressure.  The  remainder  is  borne  by  the  surrounding  tissues,  which  afford  an 
elastic  resistance  and  so  maintain  the  tension  which  is  necessary  to  keep  the 
blood  in  circulation.  In  active  hj'perfemia  as  well  as  in  passive  hypersemia,  the 
tension  of  the  tissues  and  the  pressiu:e  upon  them  are  increased;  in  aneemia 
both  are  diminished. 

§  38.  Localized  anaemia  or  ischeemia  is  a  condition  wherein  certain 
tissues  contain  but  a  small  amount  of  blood ;  it  is  always  the  result  of 
a  diminution  in  the  afflux  of  blood.  If  the  total  bulk  of  the  blood  is 
nonnal,  then  the  cause  of  the  iscluemia  is  purely  local;  if  there  is  an 
iusufli<;ient  quantity  of  bh>od  in  the  whole  vasctUar  system,  the  local 
insufficiency  may  partly  depend  upon  that. 

Tlie  pathological  diminution  in  the  afflux  of  blood  to  an  organ  is  some- 
times merely  the  result  of  an  unusual  increase  in  the  noiinal  resistance  of 
the  ai-teries — that  is,  of  a  (contraction  of  the  muscular  tunics.  In  other 
cases  abnormal  obstructions — such  as  compression  of  the  arteries,  narrow- 
ing of  the  arterial  lumen  through  pathologi(!al  changes  in  the  vessel-wall, 
deposits  on  the  internal  surface  of  the  vessels,  occlusi(»n  of  the  vessels  by 
emboli  (cf.  §  18),  etc. — act  as  hindrances  to  the  blood-cuiTent. 

•  Cohnheim,  Virch.  Arch.^  40.  Bd. 

t  *'  Die  Gewebs-spaunung,"  Leipzig,  1884. 
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The  immediate  consequence  of  the  narrowing  of  an  artery  is  always 
slowing  and  diminution  of  the  stream  beyond  the  point  of  constriction. 
Complete  occlusion  of  an  artery  brings  the  circulation  l)eyond  the  obstruc- 
tion to  an  immediate  standstill.  If,  back  of  the  jwint  of  constriction  or 
<K»clusion,  the  arter>'  be  provided  with  connecting  branches  of  relatively 
considerable  size — so-called  collateral  arteries — the  disturbance  of  the  cir- 
cidation  is  abated  by  an  increased  flow  through  the  collateral  vessels ; 
and  the  larger  and  the  more  distensible  tliese  are,  the  more  complete  the 
restoration  of  the  circulation.  If  the  constricted  or  occluded  arterj'  pos- 
sess no  communicating  branch  in  its  area  of  distribution — if  it  be  a  so- 
called  terminal  artery — the  slowing  or  the  arrest  of  the  circulation  beyond 
the  point  of  obstruction  or  of  occlusion  cannot  be  immediately  done  away 
with,  and  the  area  supplied  by  this  vessel  becomes  presently  partly  or 
completely  emptied  of  blood,  as,  through  the  contraction  of  tie  arteries, 
and  through  the  pressure  of  the  tissues  upon  the  capillaries  and  veins, 
the  blood  is  more  or  less  completely  forced  out  of  the  area  of  distribu- 
tion of  the  artery  in  question.  Frequently,  however,  after  a  short  time 
has  elapsed,  an  afflux  of  blood  comes  from  neighboring  capillaries. 

When  the  current  and  the  pressure  l)eyond  a  constricted  point  have 
sunk  below  a  certain  minimum,  little  by  little  the  tlriving  force  becomes 
less  and  less  able  to  push  along  the  mass  of  the  blood.  The  red  corpuscles, 
particularly,  cease  to  move,  and  collect  in  the  veins  and  capillaries,  and 
as  a  consequence  the  area  supplied  by  the  artery  in  question  becomes  filled 
irith  blood  once  more;  only  not  with  twulating,  but  with  stagnant  biootl. 
The  same  thing  occurs  whenj  a  terminal  artery  being  completely  occluded,  the 
hlftod  oozes  into  the  affected  area,  under  minimal  pressure,  through  arteries 
incapable  of  adequate  enlargement,  or  merely  through  communicating  capil- 
laries. An  accumulation  of  blood  within  the  antemic  area  may  also  occur 
by  reflux  from  the  veins.  This  occurs  when  the  intravascular  pressure 
within  this  area  has  sunk  to  nothing,  and  when  neither  the  weight  of  the 
bloo<l  nor  the  venous  valves  oppose  the  reflux  of  the  blood. 

A  further  cause  of  antemia  in  an  organ  may  be  the  abnonnal  conges- 
tion of  other  organs,  as  in  that  case  the  total  mass  of  the  blood  would 
not  suffice  to  supply  the  remaining  organs  adequately.  Anaemia  from 
this  cause  is  called  collateral  ano'mia. 

All  anamic  tissues  are  characterized  by  jndlor.  They  are  at  the  same 
time  flabby,  not  turgescent,  and  the  color  proper  to  each  appears  dis- 
tinctly under  these  circumst«nees. 

The  significance  of  a  condition  of  ischsmia  lies  especially  in  the 
fact  that,  on  account  of  the  needof  the  tissiies  for  a  continuous  supply  of 
(txygen  and  other  nutritive  elements,  the  continuance,  for  a  certain  lengtli 
of  time,  of  the  condition  of  imperfect  blood-supply  brings  about  tissue- 
degenertttion  (cf,  §  3).  Complete  arrest  of  the  blood-supply  leads  in  a 
short  time  to  death  of  the  tissue  involved.  If  blood  come  to  flt>w  anew 
among  the  degenerated  and  dying  tissues  in  the  area  of  distribution  of 
an  ol)stmcted  vessel,  and  stagnate  tliere,  extravasation  of  blood  into  tlie 
tis:>ues  may  follow,  and  a  hemorrhagic  infarct  (of.  §  47)  be  formed. 

The  rapidih-'  and  completeness  with  which  a  collateral  eiradafion  may  bo  de- 
veloped after  the  occlusion  of  an  arterj'  depend  upon  the  size  and  distensibility 
of  those  vessels  which  are  in  communication  with  the  area  which  has  become 
isehiemic.  If  these  are  numerous  and  distensible,  the  ischa'mic  area  becoinos 
very  soon  irrigated  with  an  approximately  normal  volume  of  blood.  If  this  is 
not  the  case  the  disturbance  of  the  circulation  corrects  itself  much  more  slowly, 
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and  stasis  and  inerensed  pressure  arc  found  to  extend  farther  baok  from  the 
pt)iiit,  of  obstruction  toward  the  hfart,  so  that  the  collateral  circulation  becomes 
eiitablisbeLl  through  vetistiU  hituat«d  farther  back  on  the  course  of  the  blood,  i.e., 
neArer  the  heart.  In  the  fui-ther  course  of  the  proci'S*  of  rottatablishintf  the  cir- 
culation, the  increase  in  the  volume  and  velocity  of  the  blood-ctirrent  remnins 
confined  to  such  vessels  as  communicate  with  the  area  depiived  of  its  natural 
blood -supply— that  is,  confined  to  the  capillai'j' and  art<"rial  anastomoses;  and 
hero  tliis  increase  becomes  periuaueut,  aud  leaiLsiu  turn  to  a  permanent  disten- 
tion of  the  vessels  of  the  part,  and  at  the  same  time  to  a  substantial  increase  in 
the  vascular  walls,  not  only  in  thickness,  but,  as  becomes  evident  from  the 
crookinp"  and  twistinp  of  the  vessels,  in  length  also.  According  to  Nothmigel, 
in  rabbits  the  phenomenon  of  the  increase  in  thickness  of  the  walls  of  the  anasto- 
motic vessels  may  be  deruonstraled  ahuul  six  days  after  the  ligation  of  an  artery ; 
and  after  the  Upition  of  ves.sels  of  some  isi/.e,  the  small  iirleries  which  carrj'  on 
t-he  (M)llateral  eirtnilation  beenme  transformed,  in  the  course  of  a  few  weeks,  into 
quite  capacious,  thick-walled  arteries. 

III.  Coagulation,  Thrombosis,  and  Stasis. 

§  39.  Upon  tlie  death  of  the  individual,  the  blood  lying  in  the  heart 
ftiul  ill  the  grt-at  ve.ssrls  ^enei'jilly  eiui^nlates  in  part,  sooner  or  later, 
and  thence  arise  those  furmatiuns  kiiowu  as  post-mortem  clots.  If  the 
clotting  oiM'ur  at  a  time  when  tlie  red  blood-corpuseles  are  still  evenly 
distributed  in  the  blood,  nnd  the  whole  mass  of  tlie  blood  beeonip  eonpfii- 
lat-ed,  the  el<ttH  fonn  (birk-red  nittysehi — a  condition  in  whieb  llie  bhuMJ  is 
temiiHl  rntor.  If  before  eoagiibition,  thrcmgh  the  setKliup  of  the  red  eor- 
pnseles,  the  mass  di\ide  itself  into  n  substratum  rich  in  red  blood-corpns- 
cles  and  au  upper  fluid  hiyer  containiu^  none  ami  eonsistinir  exclusively 
of  the  plasma;  and  then  if  the  latter  eoag^nlate,  there  will  be  fnnued  soft 
gelatinous  lumps,  and  also  fibres,  light  yeUow  in  color,  elastic,  with  a 
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Fig.  6. — Part  of  the  border  of  a  recent  hromorrhapic  infarct  of  the  Vnng:. 
a.  Interalveolar  septa  willnnit  nuclei,  coutmuinif  capillaries  Hlied  with  deep-violet 
thrombi  of  hnijitij;t»neou8  api>e«rHnce  ;  h.  Septa  showing  n\ielei ;  c,  Vein  contain- 
ing a  red  thrombus;  rf.  Alveoli  distended  bv  a  tlrni  bhtod-clot ;  e.  Alveoli  filled 
with  serons  fluid,  fibrin,  and  leucocytes.  <i5pecimen  hardened  in  Miiller's  fluid, 
stained  ^i-ilh  hirmatoxyUn  and  eosin.  and  mounted  in  Canada  balsam.  Magni- 
fied 100  diameters.) 
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smooth  surface,  and  not  adherent  to  the  vessel-wall,  which  are  designated 
as  lardaceous  dots  or  as  fibrinotis  deposits.  Through  the  inclusion  of  red 
blood-corpuscles  in  these  formations,  they  may  exhibit  in  parts  a  red  or 
reddish- black  color;  but  when  an  unduly  large  proportion  of  leucocytes 
are  present,  the  color  at  such  spots  will  border  on  white. 

If  blood  be  drawn  from  an  artery  or  a  vein  and  received  into  a  vessel, 
within  a  short  time  coagulatimi  will  occur,  transforming  the  whole  into  h 
soft  tM)herent  mass.  If  freshly  drawn  blood  be  bcat*ui  with  a  solid  body, 
in  a  short  time  stringy  fibrin  will  be  separated  from  the  surface  of  the 
bl(H>d.  If  within  the  body  blood  be  extravasated  in  considerable  quantity  into 
the  tissites — for  instance,  into  the  pericardium  or  into  the  lungs — coagula- 
tion may  occur  here  likewise,  and  amtmg  the  red  blood-corpuscles  string}' 
masses  are  formed  (Fig.  6,  d,  c),  whose  fibres  run  in  the  most  varying 
directions,  crossing  one  another  coutiniuvlly,  and  frequently  also  pro<^eed- 
iug  radially  from  a  central  point. 

The  coasulation  of  the  blood  is  a  process  difficult  of  cliemical  inttM-- 
jiretation,  and  in  spite  of  numerous  investigations  we  have  not  suecee<U«I 
in  explaining  this  enigmatical  phenomenon.  We  know,  however,  that 
ft)r  its  occurrence  the  presence  of  a  fibrinogenic  substance,  of  a  ferment. 
and  of  certain  saltSf  especially  calcium  salts,  is  indispensable,  and  that  the 
flbrinogenic  substance  is  an  albuminoid  body,  belonging  to  the  class  of 
the  globuUnSj  which  is  present  in  the  blood,  while  the.-ferment  is  prob- 
ably derived  from  the  white  (possibly  also  from  the  red)  corpuscles  of 
the  blood,  which  either  are  dis- 
solved in  the  blood-plasma,  or 
yield  to  it  certain  constituents 
of  their  mass.  According  to  A. 
S(^hmidt,  by  means  of  the  fibrin- 
ferment  a  very  bulky  albuminoid 
body  is  formed,  in  a  way  still 
obseure,  out  of  the  globuHiis 
preexisting  in  the  alkaline  solu- 
tion. whi<ih  body  is  precipitated 
by  the  calcium  salts  present  in 
the  plasma)  and  in  the  process 
of  coagulation  we  must  recog- 
nize two  stages — txy  wit,  the  st^ige 
of  the  production  of  the  ferment 
and  the  stage  of  the  fermentA- 
tive  action  or  coagulation  prop- 
er. According  to  Pekelharing, 
on  the  other  hand,  the  fibrin- 
ferment  is  itself  a  calcium  eoui- 
I>ound  which  has  the  [wwer  of 
«arr>'inglime  over  to  the  fibrino- 
gen, whereby  from  the  soluble  fi- 
brinogen an  insf>lnble  albumin- 
ous compound  is  forme<l,  con- 
taining calcium,  which  bodv  is 
fibrin. 

If  coagulation  of  the  blood  within  the  heart  and  the  vessels  take  i)la<'e 
during  life,  or  if  a  solidifying  mass  se])arate  from  the  cinmlating  bloo<l. 
this  process  is  called  thrombosis  and  its  product  a  thrombus. 


Pig.  7. — Section  through  a  red  throm- 
bus formed  in  one  of  the  muscular  veins 
of  the  thkrh  after  occlusion  of  the  femoral 
vein,  n,  Fibrin  threads ;  ft.  Leucocytes  and 
granular  bodies.  (Specimen  hardened  in 
Miiller's  fluid,  and  stained  with  lupmatoxy- 
lin.     Magnified  250  diameters.) 
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Jf  coii^lation  or  thrombosis  occur  in  a  mass  of  blood  deprived  of 
motion,  thert*  is  f(>rine<JI  a  dark-red  thrombus  (Fig.  G,  r,  and  Fig.  7), 
which,  liJce  the  reddiKh-bIa«k  post-uiorUjiii  t-lots,  or  likv  the  C4>a{fuhi  of 
t'xtra vacated  blood  (Fig.  6,  rf),  coutaiuK  all  of  th<*  red  blood-corimwlt-s : 
thii  jtredpitutfd  til>rin  forming  jriiinuies  (A)  and  fibres  (tt). 

IninitHliatel/  after  its  formatifui  the  tlironilms  is  soft  and  nrh  in  tin- 
fluids  nf  the  l)h>od ;  Inter  it  bee<imes  toucher,  denser,  and  drier  bs  Uh' 
tiitrin  enntractsand  |iresi*es  out  a  jH^rtioii  of  the  (luid.  At  the  same  time 
it  lieeomeg  pah'r,  bn)wnish  re<l  or  rust-cfilored,  inusniueh  as  the  blood- 
piguient  nudergf->es  ehanges  similar  to  those  in  (^xtraviLsation. 


Pi^.a 


Fig.  9. 
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Fig.  8.— Section  of  a  white  thrombus'  extending  thwugh  the  vena  cava  in- 
fi'rinr,  and  coiitainlng  but  few  ceU>J.  a»  ttrauuliu*  muss;  ^,  Oranuhir  and  btiingj,' 
tibrin  in  reliform  arraniremenl ;  e,  Thn^ads  of  fibrin  in  parallel  aiTaugfUjunt, 
(Preparation  stainiMl  uilli  hienintoxylin.     Majrni'ied  200  diaiueters.) 

riu.  9.  Seetion  of  a  mixed  thr<tnibuH  of  th«  aorta,  rirh  in  colls,  a.  Red 
lilood-corpuscles;  6,  Granular  mass;  c,  Hetiform  disposition  of  fibrin  with 
numerous  leiicocjies ;  d,  Thi-eads  of  fibrin  in  oandlel  arrangcracnt.  (IVepam- 
lion  stained  with  htematoxylin.     Magnified  200  diameters.) 


As  wiis  obst'i-ved  hy  Hauuigarten,  wh*>  found  the  bh>od  in  tLe  vettseliii 
iM'lwecTi  two  ligature.s  still  fluid  aft^'r  (in  interval  of  weeks,  the  mere  fitag- 
natiiHi  i>f  a  nuiss  of  blood  within  a  vessel  is  not  sufficient  to  ejiuse  eoagi»* 
hit  ion.  The  caus**  of  tin*  coagtdation  of  bli.MKl  that  is  n(>t  iu  eireulation  lies 
probably  iu  part  in  the  faet  that  eertniu  portions  of  the  mass  of  blood  ai-e 
no  longer  in  eoida^'t  with  a  living  uthI  inviolate  vasenlar  wall,  wbieli  con- 
Ijtet.  aeeoitliug  to  Briieke,  nonnally  prevents  eoaindatifui.  At  the  same 
lime  the  priHlnetiim  df  a  largi*  annnmt  of  fibrin-ferment  may  prov<ike  r<»- 
ngnhititm.  ThistK-eurs.  eonsequenlly,  in  vessels  whieh  have  bren  !igate<l, 
when  rht'  iMidothelium  is  destroyed  at  the  pointof  ligation.  It  takes  pluee, 
fni-tbenrnui'.  when,  through  the  Invoking  up  of  large  nuinl>ers  of  white 
bliMtd -rorpuseles.  ftbrin-fennent  is  set  free  in  large  quantity  in  tlie  blood* 
vessels — a  eondition  whieh  nniy  be  experimentally  produeed  by  the  irije**- 
tion  of  niby-11'd  bhmd  (Inrfif'trhrurx  Uhit)  wli<(se  lells  iiri-  in  jmrt  broken  uj>. 

The  fibrinous  deposits  from  blood  In  circulation,  whieh  not  iufi*i>- 
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queatly  are  formed  on  the  internal  surface  of  the  heart  or  vessel-walls, 
are  eomposetl  of  masses  either  white,  or  of  various  shades  of  red,  or  with 
alternating  red  and  white  layers,  and  we  may  distinguish,  accordingly, 
between  white,  mixed,  and  laminated  thrombi.  With  the  microscope 
we  may  discern  that  these  thrombi  are  com|)ose<l  (Figs.  8  and  9)  of  granu- 
lar and  fibrous  masses  and  of  colorless  and  red  coriiuseles,  wlucli  in  vary- 
ing proportions  and  arrangement  make  up  their  structure.  The  colorless 
thrombi  consist  almost  exclusively  of  granular  musses  (Fig.  8,  a)  and  of 
fibrogranular  fibnn,  the  latter  displaying  at  one  point  (ft)  a  retiform  ar- 
rangement of  its  fibres,  while  at  another  point  (r)  they  run  nior**  nearly 
ill  a  pamllel  direction.  Both  the  granular  masses  and  the  fibres  of  fibrin 
contain  only  a  scanty  sprinkling  of  leucocytes.  Otlier  white  thrombi  con- 
tain more  cells.  In  the  mixed  thrombi  (Fig.  9),  granular  masses  {h),  more 
rarely  hyaline  masses,  string)'  fibrin  (c),  and  red  blood-corpuscles  («),  in 
varjnng  proportions  and  in  diverse  situations,  compose  the  coagulated 
mass,  and  all  of  these  comiionent  parts  include  more  or  less  numerous — 
fri'quently  verj'  numerous — ^leucocytes  (Fig.  9). 

The  fibrogranular  masses  which  enter  int^)  the  structiu-e  of  the 
thrombi  consist  doubtless  of  fibrin  which  has  been  formed,  jnst  as  takes 
place  outside  the  vessels,  by  tlie  action  of  a  ferment.  The  granular  and 
the  hyaline  masses,  on  the  other  hand,  are  at  the  present  time  regarded 
as  stmctures  formed  from  blood-plates  which  have  become  agglutinated 
together,  although  granular  and  hyaline  masses  may  also  be  formed  from 
leucocytes  entangled  in  the  meslies  of  the  fibrin.  The  gramUar  masses  in 
the  tlm>mbi  exhibit  occasionally  an  arrangement  similar  to  that  of  coral. 

The  formation  of  thrombi  in  circulating  blood  may  be  observed  dis- 
tinctly under  the  microscope,  in  suitable  subjects,  l>oth  in  warm-blooded 
and  in  cold-blooded  animus ;  and  in  this  line  it  is  mon^  particularly  the 
oliservations  of  Bizzozero,  Eberth,  Schimmelbusch,  and  Lowit  which  have 
le^i  to  very  weighty  conclusions. 

When  the  blood  flows  through  a  vessel  with  its  nonnal  velocity,  you 
may  see  under  the  microscope  (Bizzozero,  Eberth,  and  StthiniiuelbuscU) 
a  broad,  homogeneous,  red  stream  in  the  axis  of  the  blood-vessel  (Fig. 
10.  rt),  while  at  the  sides  lies  a  clear  zone  of  blood-plasma  free  from  red 
blood-corpuscles.  This  may  l)e  obser\-(*d  as  well  in  the  arteries  as  in  the 
vfins  and  in  the  larger  capillaries,  but  is  best  seen  in  the  veins ;  in  the 
smaller  capillaries,  just  large  enough  to  i>ennit  the  passage  of  the  blood- 
coqniscles,  this  differentiation  into  an  iixial  and  a  ]>eripheral  stream  does 
not  hold. 

In  the  axial  stream  the  different  constituents  of  the  blood  are  not 
recognizable;  in  the  periphend  stream,  however,  isolated  white  blood- 
corpuscles  appear  from  time  to  time  (Fig.  10,  r/),  and  these  may  be  seen 
to  roll  slowly  on  along  the  vessel- wall. 

If  the  blood-current  becomes  retarded  to  about  the  degree  which  allows 
the  obser\-er  to  make  out  indistinctly  the  })lood -corpuscles  of  the  tixial 
stream  (Fig.  11,  «),  the  number  of  wliite  blood-cori)uscles  floating  slowly 
along  in  the  peripheral  zone,  and  adhering  also  at  times  to  the  vessel- 
wall,  becomes  increased  (Fig.  11,  tl),  and  they  finally  come  to  occupy  this 
zone  in  considerable  numbers. 

If  the  current  be  still  further  retarded  so  that  the  red  blood -corj^us- 
eles  become  clearly  recognizable  (Fig.  12.  a),  then,  in  the  peripheral  zone, 
alongside  of  the  white  blood-corpuscles  appear  blood-plates,  which  in- 
crease more  and  more  in  numlwrwitli  the  ]trogressive  retardation  of  the 
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flow,  wliile  the  number  of  tlie  leucocytes  becomes  again  diminished. 
"When  total  arrest  of  the  blood-current  finally  occurs,  a  distinct  separa- 
tion of  the  corpuscular  elements  in  the  lumen  of  the  vessel  follows. 


Fig.  10. 


Fig.  U. 
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Fig.  12. 


Fio.  10.  —  Quickly  flowing 
blood -stream,  a,  Axial  stream; 
6,  Peripheral  stream  with  iso- 
lated leucocytes,  d.  (After 
Fberth  and  Schimmelbusch.) 


Fig.  11. — Somewhat  retarded 
blood-stream,  a,  Axial  stream ; 
b,  Peripheral  zone  with  nu- 
merous leucocytes,  d.  (After 
Eberth  and  Sohimmelbnsch.) 


Fig.  12. — Greatly  retarded 
blood>stream.  a,  Axial  stream; 
6,  Peripheral  zone  with  blood- 
plates;  Cj  A  considerable  col- 
lection oi  blood-plates;  d, di, 
White  blood-corpuscles,  (After 
Eberth  and  Schimmelbusch.) 


When,  in  a  vessel  in  which  the  circulation  is  retarded,  the  intima  is 
injured  at  a  certain  point  by  compression  or  by  violence,  or  by  chemical 
agents  such  as  corrosive  sui>limate,  nitrate  of  silver,  or  strong  salt-solu- 
tions, and  yet  the  lesion  of  the  vessel-wall  does  not  cause  a  complete  ar- 
rest of  the  Idood-current,  we  may  observe  (Bizzozero,  Eberth,  Schimmel- 
busch) hlood-pJatfs  mlherim/  to  the  vessel-wall  at  the  injured  point,  and  before 
long  they  cover  the  site  of  the  iujuiy  in  several  layers.  Frequently  more 
or  less  numerous  leitcocj/feSj  or  rohrless  hlood-rorpuscles,  become  lodged  in 
the  mass  (Bizzozero),  and  their  number  is  proportionate  to  their  abun- 
dance in  the  peripheral  zone.  Under  some  circumstances,  indeed,  the 
number  of  the  leucocj'tes  may  be  very  considerable,  and  they  may  largely 
cover  over  the  accumulation  of  blood-plates.  In  case  of  gi'cat  irregu- 
larity of  the  circulation,  or  of  extensive  lesion  of  the  vascular  wall,  red 
hJood-corpnsvlea  also  may  separate  from  the  circulation,  and  become  adher- 
ent to  the  intima,  or  to  a  layer  of  leucocytes  previously  deposited  upon  it. 
Not  infrequently  portions  of  the  separated  mass  are  swept  away,  in  which 
case  a  new  deposit  of  blood-plates  is  fonned.  Through  a  long-continued 
dei>osition  of  the  elements  of  the  blood  the  vessel  may  finally  become  com- 
pletely closed. 

Should  a  blood-vessel  suflFer  a  lesion,  as  above  described,  wliile  the  cur- 
rent of  blood  within  it  still  remains  swift,  there  is  no  adherence  of  l)lood- 
plates  or  of  blood-coi-puscles.  When  at  any  ]>oint  blood-plates  have 
become  adherent  in  considerable  numbers,  they  become,  after  a  time, 
coarsely  granular  at  the  centre,  and  finally  granular  or  homogeneous  at 
the  peripher\%  and  become  fused  together  into  one  compact  mass.  The 
final  result  of  the  process  is  the  fitrmation  of  a  <M)lorless  hhod-plafe 
thromhtiSj  within  which  more  or  less  numerous  irhite  hlood-corpnscles  may 
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be  imprisoned.  Eberth  designates  the  sticking  together  of  the  blood- 
plates  by  the  term  conglutinaiion  ;  their  final  fusion  into  a  coherent  throm- 
bus lie  calls  viscous  metamorphosis. 

If  we  compare  the  observations  of  Bizzozero,  Ebertli,  and  ScUimmel- 
buseh,  as  well  as  the  recent  observations  of  Liiwit,  on  warm-blooded  ani- 
mals, with  the  histological  findings  in  thi'ombi  from  the  human  subject, 
we  are  warranted  in  drawing  the  conclusion  that  the  formation  of  thrombi 
in  the  circidating  blood  of  man  proceeds  in  a  way  similai'  to  that  observed 
in  the  lower  animals,  and  we  judge  that  their  formation  is  directly  de- 
pendent upon  two  causes :  to  wit,  upon  a  refanlafioH  of  the  hlood-current 
or  other  disturbaHce  of  the  circulation — such  as  the  formation  of  eddies^ 
ichich  leoitld  direct  the  blood-plates  against  the  vascular  wall — and  upon  heal 
changes  in  the  tetttl  of  the  vessel.  Pn»bably,  too,  thrombosis  is  favored  by 
pathological  changes  in  the  blood.  From  the  variety  of  c<mditious  imder 
which  thromlx>sis  occurs  in  man  we  must  assume,  either  that  now  one 
Hud  again  another  of  these  causes  plays  the  principal  part  in  the  forma- 
tion of  the  thrombi,  or  that  all  three  may  concur  equally  in  the  process ; 
ftud.  on  the  other  hand,  that  one  of  the  causes  alone  is  not  ordinarily 
(•ompetent  to  cause  thromlwsis. 

If  a  blood-plate  thrombus  or  a  couglutinate  thrombus  has  formed  at 
any  point,  coagulation  may  subsequently  take  i)Iace  there,  yielding  threads 
of  fibrin  which  imprison,  in  greater  or  less  number — fi-equently  in  very 
gi*eat  number — the  cellular  elements  of  the  bk>od.  Conglutination  and 
coagulation  may  accordingly  occur  together;  and  the  fretjuency  with  wliich 
this  comes  to  pass,  to  judge  from  the  composition  of  thrombi  in  man 
(Figs.  8  and  9),  seems  to  denote  that  fibrin-ferment  is  set  free  in  the  for- 
mation of  the  blood-plate  thrombus,  and  tliat  hence,  in  the  neighborhood 
of  the  conglutinated  blood-plates,  a  process  of  coagulation  occurs  in  the 
circumjacent  peripheral  zone  of  the  blood-stream.  If  white  blood-corpus- 
cles alone  are  floating  in  the  latter,  the  coagulating  mass  remains  color- 
less (Fig.  8)  and  includes  a  greater  or  less  number  of  leucocj'tes j  while 
if  red  blood-corpuscles  be  circulating  in  the  peripheral  zone,  or  if  the  in- 
fluence of  the  ferment  extend  as  far  as  tlie  axial  stream,  mixed  thrombi 
will  l)e  formed  (Fig.  9). 

According  to  Eberth  and  Schimmelbusch,  fibrin  enters  into  the  struc- 
ture of  artificially  produced  thrombi  in  those  cases  where  tlu\mil>osis  was 
provoked  by  the  action  of  strong  silver-solutions  or  by  the  introduction 
of  foreign  botlies. 

Kcihler,  von  Diiring,  and  Hanau  are  of  the  opinion  that  the  formation 
of  many  thrombi — as,  for  instance,  tliose  occurring  in  subjects  who  are 
in  a  condition  of  marasmus  (Kohler,  Hanau),  or  after  traumatism  (von 
Diiring) — is  to  be  ascril)ed  to  the  toxic  m'tion  of  a  ferment,  and  tliat  local 
disturbances  of  the  circulation  merely  determine  the  point  of  the  coagida- 
tion.  Vaquez  is  of  the  opinion  that  infection  plays  an  important  part  in 
tht-  fttnnation  of  thrombi  in  cachectic^  subjt'cts. 

Acconling  to  Nannyn,  Franken,  Kohler,  Plosz,  Gyorgyai,  Hauau,  and 
others,  bv  the  introduction  of  ruby-red  blood  {lackfarbenes  Blut),  of  solutions  of 
btemofrlo'bin,  of  the  salts  of  gallic  acid,  of  ether,  and  of  other  substauces  into 
the  circulation,  more  or  less  extensive  coagulation  may  be  produced :  neverthe- 
less the  resiUts  of  the  experiments  are  not  constant  (Schiffer,  Hnpyes,  Landois, 
Eberth),  and  coagulation  may  not  occur.  The  probability  of  ('ffectinp  oongii- 
lation  is  proportionate  to  the  depree  of  disturbance  produced  in  the  blood  by 
the  substance  injected.    A.  Schmidt  seeks  the  cause  of  coagulation  after  such 
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injections  in  the  flbriu-ferment.  Eberth  holds  any  such  fennentation  coagula- 
tion to  be,  at  present^  questionable,  because  it  may  likewise  be  produced  (Edel- 
berg)  without  fibrin-ferment,  and  because  the  solidified  masses  formed  after 
such  injections  do  not  consist  exclusively  of  fibrin,  but  also  of  "  conglutinated 
blood-plateSf"  of  precipitated  albuminoid  bodios,  and  of  disintegrated  blood- 
corpuscles.  Sucli  injections,  therefore,  yield  very  diverse  products,  and  conse- 
quently the  experiments  made  in  this  manner  possess  only  a  limited  value  as  a 
means  of  interpreting  the  mode  of  origin  of  thrombosis  in  the  human  subject. 

According  to  Artnus  and  Pa^^,  blood,  as  it  fiows  from  a  vein,  becomes  in- 
capable of  spontaneous  coagulation  when  sodium  oxalate,  or  sodium  fluoride,  or 
soaps  are  added  to  it  in  such  quantities  that  the  mixture  comes  to  contain  from 
0.07  to  0.1  per  cent,  of  the  oxalate,  or  about  0.2  per  cent,  of  the  fluoride,  or  O-i 
per  cent,  of  soap.  These  salts  all  operate  by  precipitating  the  calcium  salts.  If 
to  blood,  kept  fluid  by  treatment  with  sodium  oxalate,  one  tenth  of  its  volume  of 
a  1  per  cent,  solution  of  calcium  chloride  be  added,  coagulation  takes  place  in 
from  six  to  eight  minutes,  and  the  calcium  salts  enter  into  the  constitution  of  the 
fibrin-molecufe.  The  fibrin-ferment  can  act  upon  the  fibrinogen  only  in  the 
presence  of  calcium  salts.  Under  the  infiuence  of  the  fibrin-Ferment,  and  in 
the  presence  of  calcium  salts,  the  fibrinogen  undei^oes  a  chemical  metamor- 
phous  which  results  in  the  formation  of  a  calcium-albumin  compound — fibrin. 
For  the  occurrence  of  coagulation  it  is  not  necessary  to  invoke  the  aid  of  any 
peculiar  fibrinoplastic,  globulinoid  substance,  but  there  is  need  merely  of  the 
presence  of  calcium  salts.  The  ferment  which  induces  the  coagulation  is  formed 
by  the  disintegration  of  cellular  elements. 

Bizzozero,  some  years  ago,  described  as  a  new  component  of  the  blood  cer- 
tain minute,  fiat,  homogeneous  structures  which  he  designated  as  blood-plates 
and  regarded  as  identical  with  the  htematoblasts  described  by  Havem.  Rehnng 
upon  profound  experimental  research,  he  concluded  that  it  was  these  which,  in 
breaking  up,  induced  coagulation,  while  he  declined  to  attribute  this  property 
to  the  white  blood -corpuscles.  Rauschenbach,  Heyl,  Weigert,  Lowit,  Eberth, 
Schimmelbusch.  Hlava,  Groth,  and  others  have  since  then  token  a  stand  against 
this  doctrine  or  Bizzozero,  as  part  of  them  deny  any  connection  between  the 
blood-plates  and  the  coagulation  of  the  blood,  and  part  of  them  (Weigert, 
Hlava,  Halla,  and  Liiwit)  do  not  regard  the  blood-r>lates  as  constant  morpho- 
logical elements  of  the  blood,  but  rather  as  the  debris  of  disintegrated  white 
blood-corpuscles,  or  as  the  product  of  a  precipitation  of  globulin  (Lowit).  From 
their  contributions  we  may  also  gather  that  the  destruction  of  white  blood- 
corpuscles  ill  a  fluid  containing  fibrinogen  may  without  doubt  be  followed  by 
coagulation,  thus  sbowingr  that  the  blood-plates  are  at  least  not  the  only  pro- 
ducers of  fibrin.  According  to  Groth,  for  example,  the  injection  of  large  num- 
bers of  leucocytes  into  the  circulation  produces  thrombosis.  According  to 
Rauschenbach,  the  dissolution  of  leucocytes  is  constantly  occurring  in  the  blood ; 
but  by  an  inhibitory  action  of  the  or^nism  the  supervention  of  coagulation  is 
prevented,  and  the  fiV)rin-ferment  is  either  destroyed  or  rendered  inenectual. 

In  an  essay  publislied  in  the  year  1875,  Zahu  first  undertook  a  strict  differ- 
entiation of  the  rod  from  the  white  and  the  mixed  thrombi,  and  showed  that 
the  first  arose  from  coagulation  of  the  blood,  and  the  latter,  on  the  other  hand, 
from  a  deposit  from  blood  in  circulation.  The  colorleijs  substance  in  the  white 
and  in  the  mixed  thrombi,  Zahn,  basing  his  opinion  on  experimental  research 
and  on  direct  observation  of  the  process  of  tlirombosis  in  the  blood-vessels  of 
the  frog,  regarded  as  formations  which  were  produced  from  white  blood-cor- 
pus*clos  wliicli  had  become  separated  from  the  blood-stream,  then  had  become 
adherent  to  rough  points  on  the  vessel-wall,  and  finally  had  become  fused 
together  into  a  homogeneous  or  a  granular  mass.  Up  to  a  few  years  ago  most 
authors  coincided  witTi  these  views,  although  since  the  investigations  oi  Bizzo- 
zero, Lubnitzky,  Eberth,  Schimmelbusch,  and  Ltmit  there  can  be  no  doubt  of 
tlie  existence  oi  the  blood-platt^  thrombus  also,  into  whose  composition  the  white 
blood -corpuscles  enter  in  but  unimportant  proportions.  Eberth  and  Schimmel- 
busch do  not  look  upon  tliis  process  as  a  coagulation — a  physical  change  which 
they,  in  common  with  Eicliwald.  regard  as  a  precipitation  or  a  crystallization — 
but  as  a  process  {>oculiar  to  itself,  as  a  conglutination  and  nacous  metamorphosis 
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of  the  blood-plates.  Aooosding  to  Eberth,  the  adhesion  of  the  blood-plates  to 
the  Tessel-wall  follows  only  upon  an  irreparable  alteration  of  the  latter.  The 
adhesion  of  the  leucocytes  is,  on  the  other  hand,  a  vital  process. 

According  to  Lowit,  the  blood-plates  are  not  a  constituent  of  normal  blood, 
but  rather  make  their  appearance  under  definite  conditions,  and  are  nothing 
more  than  globulin  precipitated  in  the  form  of  plates.  For  their  appearance 
very  slight  alterations  in  the  circulation  or  in  the  composition  of  the  blood  suf- 
fice, and  it  is  therefore  difficult  to  make  observations  upon  blood  in  circulation 
without  causing  them  to  appear ;  it  is  nevertheless  possible,  with  proper  pre- 
cautions in  investigating,  to  prove  that  the  blood  circulating  tnrough  the  mesen- 
tery of  the  mouse  contains  no  morphological  elements  beyond  the  red  and  the 
white  blood-corpuscles.  Alterations  of  the  vessel-wall  and  retardation  of  the 
blood-cnrrent  lead  to  the  separation  of  blood-plates  and  their  adhesion  to  the 
walk  of  the  vessel;  and  the  blood-plates  so  separated  then  quickly  undergo 
metamorphosis  into  a  substance  closely  resemoling  ordinary  fibrin,  become 
comparatively  insoluble,  swell  up,  and  take  on  a  partly  granular  appearance. 
The  fibrin  derived  from  the  blood-plates  is  very  like  ordmary  fibrin  in  its  capa- 
city for  taking  dyes,  and  the  formation  of  a  blood-plate  thrombus  is  also,  indeed, 
a  kind  of  coagpilation.  In  cold-blooded  animals  no  blood-plates  appear  under 
the  conditions  which  would  cause  them  to  be  formed  in  wann-biooded  animals, 
bat  globulin  is  precipitated  in  a  granular  condition.  Certain  minute  fusiform 
elements  contained  in  the  blood  of  birds  and  of  cold-blooded  animals,  which 
Bizzozero,  Eberth.  and  Sohimmelbusch  hold  to  be  the  equivalents  of  the  blood- 
plates,  are  none  otner  than  colorless  cells  which  develop,  part  into  leucocytes  and 
part  into  red  blood-corpuscles.  They  accordingly  are  provided  with  a  nucleus 
and  may  assume  a  spherical  form,  whereas  the  blood-plates  are  without  a 
nucleus  and  are  subject  only  to  passive  changes  of  form.  Alterations  of  the 
vascular  walls  and  retardation  of  the  blood-current  in  cold-blooded  animals 
lead  to  the  formation  of  thrombi  consisting  essentially  of  leucocytes  and  capa- 
ble of  transformation  into  granular  masses.  At  the  beginning  of  cell-deposi- 
tion we  find  the  spindle-shaped  leucocytes  deposited  with  especial  frequency. 

According  to  observations  made  bv  Wlassow,  in  my  laboratorv,  i  feel  my- 
self justified  in  adopting  the  opinion  tHat  the  hlood'plates  are  a  product  of  the  red 
btood-wrpusdes,  and  either  are  thrown  off  from  the  bodies  of  degenerating  red 
blood-corpuscles,  or  are  formed  on  the  disintegration  of  the  same.  Wh^sow 
studied  both  the  early  stages  of  thrombus-formation  and  also  the  behavior  of 
the  blood-corpuscles  when  treated  with  various  fluids,  and  his  observations  in- 
dicate, on  the  one  hand,  that  at  the  beginning  of  a  thrombosis  in  circulating 
blood  red  blood-corpuscles  do  become  adherent  to  the  vessel-wall  and  may 
subsequently  become  changed  and  transformed  into  a  granular  mass,  and,  on 
the  oUier  hand,  that  a  portion  of  the  red  blood-corpuscles — presumably  those 
which  are  the  oldest  and  are  approaching  their  decadence — are  extremely  un- 
stable cells,  out  of  which  structures  with  properties  corresponding  to  those  of 
the  blood-plates  are  readily  formed.  As  to  whether  such  structures  are  devel- 
oped under  normal  conditions,  or  whether,  in  the  normal  breaking  down  of  the 
red  blood-corpuscles,  the  colorless  components  of  their  structure  enter  imme- 
diately into  solution,  could  not  be  decided ;  this  much  only  could  be  demon- 
strated :  that  the  most  diverse  influences  caused  a  plasmoschisis  (a  splitting  up 
of  the  blood-plasma),  accompanied  by  a  formation  of  the  so-called  blood-plates. 

A.  Schmidt,  in  his  work  on  the  blood,  publi^ed  in  1892,  wherein  he  collects 
the  results  of  many  years  of  study  on  coagulation,  regards  the  fibrin-ferment  or 
thrombin  as  a  derivative  of  the  life  of  the  cells,  which  is  developed  from  an  in- 
active earUer  state,  prothrombin,  under  the  influence  of  certain  ztfmopiastic  suh~ 
Ktances.  In  the  same  way  he  regards  the  fbrinogenous  substance,  or  meiaghbulin, 
as  a  product  of  the  disintegration  of  cellular  protoplasm.  If  this  view  be  cor- 
rect, and  if  the  invest i|rationa  of  Wlassow  find  further  corroboration,  then  the 
generators  of  coagulation,  as  well  as  those  of  thrombosis,  must  all  be  regarded 
as  cellular  derivatives,  and  it  would  then  be  particularly  the  red  bhod'Oorpuscles 
which  vould  be  the  source  of  the  materials  of  coagulation. 

According  to  Corin,  co€igulatwn  occurs  in  the  blood  a/itw  death  only  trhen  the 
blood  already  contained  ferment  during  life;  and  the  extent  of  the  coagulation  is 


directly  pronortionnl  to  the  nnitmnt  (»f  fermpnl  present  at  the  lime  of  death.  A 
further  prociuetinn  of  fermeul  does  not  m-eur  after  death  ;  on  the  contrarj-,  the 
vessel-walls  prctbably  con^titut*  a  bodv  inhibitiiifr  congiilntion.  Between  the 
blood  of  ihoM*  wlio  Lave  die<l  nudJeuIy  (oases  of  litraiiik^ulitllon)  aud  that  of 
ttiuse  wlio  have  died  more  slowly,  the  difference  U  only  relative,  depending 
upon  tlie  amount  uf  ferment  pre«enl.  No  value  can  therefore  he  ainttrilied  to 
the  llaidity  of  the  blucHl  in  the  dia^usis  of  the  mode  of  death. 

§  K).  Thrombosis  (jceurt;  most  frequtiitly  iu  vastus  of  degen<Tutioii 
and  iiitlaininntiuu  uf  ilie  iiilima  of  tJie  heart  mid  uf  the  ves^elK  as  well  an 
under  eerUin  i-ircumstanees  which,  like  t'unii>re8sic»ii,  strietiire.  or  dilata- 
tion of  the  ves.sol>,  fatty  infiltration  and  fatty  degeiierntion  of  tJie  heart, 
stenosis  and  iiisuffieieney  of  the  valvular  orifices,  etc.,  cause  a  retanla- 
ti<n»  or  an  arrest  (tf  the  eirt'ulation.  If  thrond)i  oecur  in  eneheetiv  indi- 
vidnulK.  they  are  ealled  marasmic  thrombi  (rhrombi  majiintiei).  When 
perforatinj^  wounds  of  vessels  are  not  too  larp'.  tliey  Iteeonie  ehised  by 
l»lo«K]-phites  and  white  blood-eorpus<*les  whieh  adhere  to  the  edpeK  of  the 
opening  and  are  also  de[H>sit<Ml  all  alMmt  it,  t$o  that  in  the  wound  there  is 
formed  ft  white  thronibuH  projei-tin^  into  the  lumen  of  the  veKsel. 

Different  varieties  of  tJir<tnibi  are  dinlingnislied  aecordiug  to  their  re- 


Fiu.  13. — Thrombus.- format  ion  in  the  heart  as  a  result  of  inflammatory 

de^ren  I -ration  and  anenrismal  dilatation  of  the  heart-wall.  «,  luHammatory 
thickening  of  tbn  end«K'anIinm;  fc,  lullamiimtory  de^Mieraliou  of  the  myo- 
cardium :  c,  ThrombuM.     (Two-thirds  natural  Mre.) 
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lations  to  the  vessel  containing  them.  Tlius  a  parietal  thrombus  is  one 
attached  to  the  wall  of  the  heart  (Fig.  13,  c)  or  of  a  vessel;  a  valvular 
thrombus,  one  which  is  situated  upon  a  valve  of  the  heart  or  of  a  vein 
(Fig.  14,  rf).  Either  kind  may  consist  only  of  delicate,  transparent,  almost 
membranous  and  hyaline  deposits  j  and  then,  again,  they  are  often  thicker 
and  tougher,  and  project  into  the  lumen  of  the  lieart  or  blood-vessel,  as 
tlie  case  may  be.  Their  surface,  in  the  latter  case,  often  shows  rib-like 
ridges  of  paler  appearance  than  the  other  parts.  If  the  lumen  of  a  ves- 
sel becomes  closed  by  a  thrombus,  the  latter  is  spoken  of  as  an  obturat- 
ing thrombus  (Fig.  14,  a,  b).  The  coagula  first  formed  are  designated 
as  primary  or  autochthonous ;  those  subsequently  deposited  upon  these, 
as  induced  thrombi.  Through  growth  by  accretion  a  parietal  thrombus 
may  become  obturating.  In  such  a  case  it  not  infrequently  happens  that 
a  red  thrombus  is  superadded  to  one  originally  white  or  mixed  in  color 
(Fig.  14,  c),  inasmuch  as  the  thrombosis  began  in  circulating  blood,  while 
later,  after  the  closing  off  of  the  vessel,  the  blood  became  stagnant  and 
the  whole  mass  then  coagulated.  The  opposite  occurs  when  a  red  throm- 
bus, obturating  a  vessel,  contracts  down  to  a  smaller  volume,  and  thus 
leaves  a  channel  once  more  for  the 
passage  of  the  blood. 

Thrombi  may  occur  in  all  pails  of 
the  vascular  system.  In  the  heart  it 
is  particularly  in  the  auricular  appen- 
dages and  in  the  recesses  between  the 
trabecule  camece,  as  well  as  on  any 
diseased  spot  of  the  heart-wall  (Fig. 
13,  <•),  that  they  establish  themselves. 
Their  formation  starts  in  the  deep  in- 
tertral)ecular  recesses;  but  through 
continual  accretions  more  consider- 
able coagulation-masses  are  formed, 
which  project  in  the  form  of  polypi 
above  the  general  surface,  and  there- 
fore are  known  as  heart-polypi.  They 
are  sometimes  more  or  less  spherical 
in  shape,  with  a  broad  base,  and  again 
they  are  more  pear-shaped ;  their  sur- 
fiice  is  often  ribbed.  As  a  rare  occur- 
rence, large  globular  or  pear-shaped 
thrombi  may  become  loosened,  and 
then,  in  case  they  cannot  pass  the  os- 
tiiun,  they  lie  free  in  that  chamber  of 
the  heart  (most  frequently  an  auricle) 
in  which  tiiey  had  their  origin.  Free 
globular  thrombi  are  sometimes  seen 
in  the  auricles  in  cases  of  stenosis 
of  the  auriculo-ventricular  orifices, 
although  they  are  verj-  rare.  Verj' 
probably   they   become  increased  in 

Fio.  14. — Thrombosis  of  the  femoral  and  of  the  saphenous  vein.  a.  b,  An 
obturatinf?  thrombofl,  of  mixed  eolorint;  and  laminated;  c,  Red  thrombus  with 
peripheral  attachment;  rf,  Thrombus  protruding  from  a  valve.  (Reduced  one 
fourth.) 
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size  by  the  tlepttsiiiou  of  freish  layers  of  tibriu  after  they  have  been  set 
loose.  If  eoa^i^ulntt'ii  umssfs  attJUfh  tlu'uiselvt's  to  nil  iiifltinuMl  vnlve, 
they  an'  designafiMl  as  valvular  polypi.  Porirtal  ami  valvular  jjolypi 
limy  become  very  bulky  aud  may  fUl  up  a  large  pai*t  of  oue  of  the  beait- 
eliaiiibei-s. 

Ill  tlu'  firtf'rial  trunks  tln'uinbi  nri'  fiuinU  in  a  pvnt  variety  r)f  places, 
uutl  are  partieiiiarly  apl  to  oet-nr  bt'hiuil  L-oustriutiims  iinj  tii  dilatations. 
Ue<'ttsini)aUy»  in  (wu'hectir  indivifbuils  witli  a  nni('h-depf<^iieriited  iiitima, 
parietal  tlir^xnbi,  white,  or  of  a  uiixfd  rolor,  and  siijiei-firially  adherent, 
are  foniu-d  in  the  aorta.  In  llie  veins  thronibj  niM-a.'iioiiaily  ure  funned 
in  the  pookets  uf  ihe  valves  (Fig.  14,  <!),  from  whieh  they  gradu^illy  pro- 
tnideaiid  drveb>iniito  obturating  thnniihi.  Fre<)U*'iitly  a  tlintmbus  jfrows 
out  from  a  lesser  vein  in  whieh  it  was  formed  int^j  the  lumen  4jf  a  larger 
vein.  So,  for  iustnnee,  a  thi*ombns  liaving  its  onjfin  in  oiu-  of  tla*  les.'ter 
veins  of  the  lower  exti'eniity  may  grow  np  through  the  vena  cava  inferior 
until  it  reaehi'K  tln'  heart. 

Thrombi  of  the  smallest  vessels  arise  most  fre(|uently  in  eonsequenee 
of  disease  of  the  snnvain<ling  tissues,  and  espeeially  after  infeetions  and 
toxii*  inthiinriirtlions  and  neerotie  ]»i*oeesHes,  and  tliey  have,  for  the  most 
part,  a  hyaline  eomposition,  though  by  [tnkper  teehui«iue  (Weigerfs  libnn- 
stain)  it  may  often  bedemonstrateil  tliat.  tliey  are  made  up  of  string^' fibrin 
and  bioo(I-|ilates.  Tla'y  are  foum!,  l'uHlii'rm<ire.  after  snpertieial  bums 
(Klebs,  Welti.  Silbennaiui)  and  after  jioisoning — for  instanee,  poisoning 
with  eoiT4»sivesnblinnite  (Kanfmann) — espeeially  in  the  bings.  They  fre- 
tpu-nlly  exist  in  laeTnonhagic  infan/ts  (Fig.  0.  r)  wlueh  ai'e  ahvady  of  a 
eerlain  age.  Throndn,  Um,  originating  m  the  eapillanes,  may  deveh>p 
in  the  effeit;nt  veins,  partly  for  the  reii.Min  that  throngb  the  ofitnrntion 
of  a  great  number  nf  capillaries  the  blood  flows  slowly  into  the  veins, 
anrl  partly,  nlso.  for  the  reason  that  disintegrating  bhtod-eorjiusi'les  and 
bli)od-iilat*'s  tind  tln^ir  way  to  lhe  veins  in  great  nnnibt-rs.  As  ti  matter 
of  eimrse,  impernieahility  of  lhe  ertpUhiriesand  eonstrietioii  of  the  arteries, 
due  to  any  other  eanses^  prtMlui-e  thmnibi  in  the  tirst  nf  these  two  ways. 

§  41.  The  first  th-posils  in  the  t'orriialion  of  ri  tlinnnlius  are  delieate, 
transparent,  or  whitish  layei*s.     The  fully  formed  thrombus  is  a  eom- 

iinet,  (h-y  irmss,  Jlrmly  attached  to  the  inner  snrfjn-*-  of  a  vessel  or  of  the 
leart,  with  the  different  qualities  of  enlor  and  struetiu'e  described  above. 
Thrond)i,  oi-iginally  soft  and  sueeulent,  umlergo  in  time  a  jiroeess  t»f  con- 
traction, and  thereby  beenme  tinner  and  m(>re  dry.  In  this  way.  in  eas*' 
of  obturating  tliromlti,  an  obliterated  channel  may  iMecmie  open  once 
nuav  for  the  passage  of  the  bloml. 

With  long-eoutinued  e^nlraetion.  the  tibiiu.  the  blood-plates.  and  the 
blooil-eorpuseles  may  become  converted  into  a  tough  mass,  whieh  h)ng 
rennuns  in  this  eiftidition,  grows  fast  to  the  vessel-wall,  and  eventually 
lieetkUU's  calcified.  This  oeeurs  both  in  valvular  thrombi  and  in  thos(^ 
lot^Hted  in  the  vessels.  Chalky  eonen-tions  in  the  V4'ins,  known  as  phlebo- 
liths,  are  formed  in  this  wny.  Simihir  formations  in  the  arteries,  which 
oecur,  however,  less  frefiueiitly.  we  nniy  eall  arterloliths. 

Shrinking  and  caleitieation  eoiisiitnte  a  eiini[»arMtively  favorable 
issue  itf  thrombosis,  Far  less  favorable  are  the  various  fcimls  of  disinte- 
gration whieli  freiiuently  follow  and  an-  known  as  simple  and  as  ituriforui 
or  septie  yellow  softening.  In  the  simple  softening  the  central  i)ortiou 
of  the  thromhi  heetunes  converted  int<>  a  grayish-red,  gray,  or  grayisli- 
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white  grumoiis  niasSf  consisting  of  broken-down  and  shrunken  red  blood- 
eorpuscles,  pigment  granules,  and  coh)rless  gnnudar  debris.  If  the  soft- 
ening extends  to  the  superficial  layers,  and  if  there  is,  at  the  sanie  time, 
a  eertain  strength  of  blood-current  in  the  region  of  the  tlu^mbus,  the 
siifteuing  debris  are  swept  along  into  the  circulation.  This  occurs  both 
with  heart-poh-jii  and  with  venous  thrombi,  especially  when  the  tip  of  a 
thrombus  in  a  small  vein  projects  into  tlie  lumen  of  a  larger  vein  thnmgh 
which  the  blot>d  still  flows  freely.  A  frequent  residt  of  such  softening 
is  the  formation  of  emboli  (cf.  Fig.  2,  page  41). 

In  tlie  yellow  puriform  or  septic  softening:  the  thrombus  breaks 
down  into  a  yellow  or  grayish-vellow  or  reddish-yellow  mass  similar  to 
pns,  grumous,  creamy,  and'  foul-smelliiig.  whicli  along  with  pus-corpus- 
cles etmtains  a  great  deal  of  a  finely  granular  substance  made  up  of  fatty 
and  albuminous  detritus  and  microcoiH'i.  This  mass  acts  as  a  destructive 
irritant,  causing  inflammation  by  it8  contact.  As  a  result  the  intima  be- 
comes cloudy,  and  a  suppurative  infiannnation  arises  in  the  media  and 
adventitia,  as  well  as  in  the  parts  about  the  vessel.  After  a  short  time 
all  the  vas<»ular  tunics  become  infiltrated  and  pr(»sent  a  dirty-yellow  or 
grayish-yellow  appearance.  Ulcerative  destruction  of  the  tissues  eventu- 
ally supervenes.  If  the  purifonn  nuisses  are  earrie<i  along  by  the  blood- 
eurreut  to  other  places,  there  too  they  leatl  to  necrosis  and  septic  disin- 
tegration of  the  tissues,  and  to  suppurative  inflammation,  which  affects 
not  only  the  wall  of  the  vessels,  but  also  the  circumjacent  tissues. 

The  process  of  puriform  softening  of  a  ve- 
nous or  an  arterial  phig,  coupled  with  the  infil- 
tration of  the  vascuUu*  wall,  is  denominated 
thrombo-phlebltis  purulenta  or  thrombo-ar- 
teritis  purulenta.  The  inflammation  of  the 
vessel-wUl  may  start  either  in  the  softening 
thrombus  or  eke  in  the  part*!  adjacent  to  the 
vessel.  In  the  latter  cAi*e  the  softening  of  the 
thrombus  either  goes  on  simxdtaneously  with 
the  inflammation  of  the  vessel-wall  or  else  suc- 
ceeds it.  Tliese  occurrences  take  place  most  fre- 
(|uently  in  the  neighborhoo*!  of  purulent  foci. 

The  most  favorable  issue  of  throml)osis  is  in 
the  organization  of  the  tlirombus — that  is,  in 
its  lieing  replaced  by  vascularized  connective 
tissue. 

The  new  connective  tissue  is  develojwd  from 
proliferating  endothelial  cells ;  but  if  these  have 
been  destroyed,  then  plastic  migratory  cells 
arrive  from  the  outer  layers  of  the  vessel-wall. 
The  thrombus  itself  takes  no  part  in  the  process 
of  organization;  it  is  a  lifeless  mass  exciting  in- 
rtanimation  in  surrounding  parts.  In  c<mrs*^  of 
time  the  throml>otic  mass  l>ecomes  nbsorl)eti,  and 
its  place  is  taken  by  vascularizetl  connective 
tissue  (Fig.  16, ;/). 

Fio.  15. — Remains  of  a  thpombus  of  the  right  femoral  vein,  rormed  three 
years  Iwfore  death,  n.  Obliterated  portion  of  the  vein  (the  right  common  iliac 
vein  was  likewise  oblitemted) :  ft,  c.  d.  Bridles  of  etmnective  tissue  in  the  interior 
of  the  vein  and  of  its  branche.s:  e.  Recent  tlirombus.     (Natural  size.) 
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The  ok'ati'icial  tissue  (tconjiyiiig  the  ])la(.*e  of  the  thrombus  shrinks 
nion'  or  h'ss  in  roin-se  ot  tiriu'.  (■i<'4itrieeti  after  li^itirm  bf<;oiiK%  in  this 
way,  very  small.  Such  a  cicatrix  in  tJie  continuily  of  a  vessel  may  hiter 
have  the  apitcaranee  nf  merely  a  thickeuiiig  of  the  w«]l  of  the  vessel,  or 
there  may  remain  only  thn-ails  ami  trat)ecula?  (Fisj.  I  Tj,  ii,  c,  tl),  which  croKs 
the  lumen  of  llie  tlironilM>siMl  vessel,  so  that  the  hltMnl-cuiTent  can  once 
more  pass  the  offet^teU  spot  without  serious  impediment.     It  not  iufre- 
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Pio.  16, — Portiou  "i  iin-  •'(};.■  ..(  ix  j.iilriii»iiaiy  infairt  with  obliteration  of 
the  artery  in  the  procoss  nf  healing.  «,  Extinvasnted  blood  chantred  into  yel- 
lou'ish  j^ratiulAi-  muNsed ;  b,  Necrotie  intenilveolar  septa  without  nuclei  j  e.  Newly 
fomierl  c*iniieftive  tissue;  rf,  vascular  Krauulation  tissue  within  the  nlveoli :/,  An 
artery  ;  ff,  V'ascnlari/ed  ronnectivo  tissue  oecupvin^  tlie  place  of  an  emhuhiK  in 
the  artery.  (Specimen  hardened  in  Alftller'a  IIukI,  Kt-.»iued  with  htematuxyliUf  and 
niounte<l  in  Canada  balsam.     Magnitied  45  diameters.)* 

qnently  hap|H«ns,  nevertlieless,  that  the  (•(nine<*tive-tissue  bridles  crossing 
the  himen  nf  the  vessel  eunse  a  marked  lessening  of  its  ejilibre ;  and  this 
may  proceed  to  a  4'omplet«  oblit-eration  of  tiio  vessel,  so  that  the  blootl- 

•  Near  the  top  of  tlie  out,  right  and  left,  are  struetures  marked  e.  No 
deacriptiou  of  them  is  given  in  the  original.  They  appear  to  represent  newly 
forniwl  vascular  loups  with  nucleated  endothclianif  pushing  tlieir  way  into  tlie 
gniDular  masses,  a,  a.  -Tkanslatob's  Note. 
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vessels  f(»r  11  greiiter  or  li'ws  distance  become  converted  entirely  into  solid 
Hbrou-s  i'ords. 

Pioces  hrokfii  »tff  from  ii  tliroiiilui.s  ami  <'itrri<*<l  luU^  an  nrU'ry  and 
th*iii3  wedg^nl — w)-(mlled  emboli — gciierHlly  indu^'i*  fivsli  deposits  of  fibrin 
npfin  tht'ir  surfmre  (Fig.  2,  r,  paj^  41).  Afterward  tln^v  undergo  the  same 
chtui^s  as  thrombi,  nud  may  either  softtm  and  brfak  down  or  become 
shrunkrn  (Fig-  17.  n)  and  cab'ifir'd.  If  tbt>  enlbl^li  ait*  non-infeftious  tliey 
tfenerally  lie<'onie  replaced  by  vasendar 
connective  tissue  (Fig,  16.  */}. 

lu  niaiiy  eases  this  new  formation 
of  connective  tissue  leails  to  tlie  itblit- 
eratjon  of  the  artery  (Fig.  16,/,  g).  In 
other  eases  in  the  place  of  the  eniboltis 
there  l>ecome8  developed  only  a  ridge 
of  ^ittnnective  tissue  or  perhajis  h 
knobbed  or  a  flatti'ncd  tliickening  of 
tfie  intiuui.  Tn  still  other  cases  the 
lujuen  of  the  vckscI   is  tnivci*K<'d  by 
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Pig.  17. — Hemains  of  an  embolic  plug 
of  a  branch  of  the  pulmonari'  artory.  a, 
Shnmken  oinl>olas  travei"st«i  by  threads 
of  connective  UMsue;  /*,  liridles  of  connec- 
tive tissue  croKHing  over  tlie  oriilcva  of 
branck  vetwels.     (Natural  size.) 
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Flo.  IS,  — Embolus  of  an  intestinal  artori'  \nth  suppurative  arteritis,  em- 
bobo  aneurism,  and  |>eriart<'ritic  metastatic  absecss.    a,  6,  e,  rf,  e,  Layers  of  tlie  in- 
'^ntH  wall ;  /,  Wall  of  tlie  arttry  ;  y.  The  emtiolus,  surrounded  with  pus-corpus- 
'""ng  within   the  dilated  and  nartially  suppurating  artery;   A,   Panctal 
•i  if  Periarterial  purulent  inlutration  of  the  submucosa  ;  k,  Veins  gorged 
(Specimen  liiirdened  in  alcohol,  stained  with  fuchsia,  and  mounted 
Mlsaui.     MngDitlcd  30  diameters.) 


128 


flTASIS  OR   8TAUNAT10N   OP  THK   BLfK)D. 


briiilps  of  eonnoctivo  tisBue  (Fi^.  17,  6),  wliioli  t'itliur  run  sc|uir«t«'I\%  or, 
thivugh  iniituiil  int«.'rla<,'injfs,  tV»rrn  a  vrhl*'-  or  a  f  Uisf-iiieshed  uHwork. 

If  tlu'  t-mttoli  I'oiitaiii  i»yo^:i'iii<'  or^rimisms,  wliioh  is  rsjieriully  apt  u» 
IjH  the  fa.se  if  tht*  eriibali  couic  from  a  lliroTiilms  lyiii^  iu  a  supimratiii^ 
fofuis,  NUpjiiinilJim  f lini  arises  at  the  site  of  the  embohiH  (Fig.  18,  </),  aiul 
ixicasioMally  iilcfnitiini  jilso. 

§  42.  Iu  tliON*'  foinUtiims  whi<'h  bavf  been  drsc'ri})e(]  iilKtvc  aji  nftivr 
ainl  jiasnivi'  hypfiwniia  nspi^clivrly,  tin-  UUhhI  duriiij^  life  is  in  I'iinila- 
l.i*»n.  In  Mi(*  active,  i^ongi'slivt^  ffunn  tliu  Vflot^ity  nf  the  bbiod-cuiTt-iit  is 
incii 


th 


iftscd;  in  the  pa^isivf  form— vciioiis  liyiifnwTiia- — it  is  diiriinislu-d.    If 
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4'.  Ijaswivr:*  lorin  o»'('t)nn'  vr.Ty  inarKrd.wf  riiar  lia*  iuihkI  fiilrnii^  ii  pa 
i'^niiot  Hiid  exit.  tlu>  fiiTiilatinn  in  tin-  small  veins  and  eaiMlliiriew.  and 
even  in  tlie  snialliir  affi-rnit  art^'Hos,  may  i*ume  to  a  eunipli-lr  standstill ; 
and  tiuil  condition  tlu-n  obtains  wliif.li  is  known  as  stasis  i»r  sta^^nation 
of  the  blood  (Ki^^  HI).  IiuusTniKrh  as  fresh  niass<'s  4»f  bhiod  fn>ni  tiie  ar- 
teries strive  with  ea4;h  pulse-bt*at  to  force  theif  way  into  tlie  art-a  of  Kta.g- 
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Flo.  19. — Stasis  from  venous  b>'pern*mia  in  the  vessels  of  the  coriuin  and 
of  the  papillae  of  the  pliiatar  surfa<'e  of  the  t<>e8  in  a  man  siiccuniliine:  to  valvu- 
lar disease,  lieai-t-fftilnre,  and  artmos^'lorosis.  Peop-violet  c<il(irin^  and  cnni- 
mencingr  granKTetui  of  t!ie  t4>es.  (Spin-iiiien  hardened  in  Mullor's  fluid,  stained 
witli  alum  carmine,  and  mounted  in  Canada  babwim.     Magnified  20  diameters.) 
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nation,  ntid  thns  distend  the  CHiiillHrit'S  niul  the  veins  more  and  Uioro,  the 
pivssiire  within  tliese  rises  tu  he  tlie  8ame  hh  that  at  the  point  of  diver- 
gouey  of  the  nearest  ]>enneal>le  artery  (von  Heeklinghauseii),  and  hy  this 
means  a  great  portion  of  the  tluiiis  of  the  hloiMl  is  pi*essed  out  of  the  capil- 
laries and  tlie  veins.  Thv  »vd  h]i»ud-eorpus<des  t'orise(|ueiilJy  become  8(i 
closely  jmiinied  tojrether  that  their  e<»nl(mrs  ai'e  no  hmj^'-er  (iiseeruible,  and 
the  total  e<mt4'nt.s  of  the  vessels  form  a  himiojjeneous,  srarli-t-red  eolnnin 
(Fig.  19).  At  the  snitie  time,  howtn ei\  tin*  hh>ud-ein-]nis<*lcs  art'  not  fnsi'd 
togetlier.  As  Mion  as  tJie  ohsta<'le  to  the  ontHow  is  drtne  away  with  iind 
driMdation  is  once  jtinif  resnnie<h  the  inihvhiual  bhaui-cnrpusi'lcfi  heeome 
once  more  separated  from  one  another. 

Stasis  is  prodnced  not  only  by  dnniniin)f  back  of  the  bhK>d,  l)nt  also 
by  nnnierons  inflnenres  nffeetinjj  the  vcssi'l-walls  and  tlie  i)l(i<Ml  itself. 
Thus  /nttf  and  raM,  irrihtfion  infh  ttrith  of  with  ttikalis,  the  nrtion  of  con- 
rtHfi'iihti-smjtir  or  vnnttuvn-soft  soiudottft,  of  chiorvform,  nirohof,  etc.,  may 
cause  not  only  eoiitniction  or  relaxation  of  thr  vessels  and  distm-banees 
of  the  eirenlHtion,  but  nuiy,  niiiler  certain  cirriinistanees.  prodnee  sta.sis. 

According:  tti  vmi  Kfckliii*rbiiiiscn.  these  agents  a* m]>lish  theirinitowiu'd 

results  chieHy  in  ubstractin*;  water  fnmi  the  blood  and  fruni  tin*  vessel- 
M'all.  Pos.siltly  tbeiionijiosition  of  the  Idood-enrjmseles  and  of  the  blood- 
ulasma  becomes,  furtheriimre^so  altered  that  tlie  bl<tod-coq>ns<des  becimie 
less  mobile  (von  Reckli(i*rliausen).  Tlie  stiusis  whieh  oecnrs  in  tissues 
which  are  t^ken  from  the  interior  of  the  body  and  exposed  to  the  air  is 
to  )ie  a.srrii>ed  to  er<tp»nifitfti.  Tliron^di  the  operation  of  heat  and  cold, 
it  is  hitrldy  ])robabh'  that  chang-es  oeeiir  not  only  in  the  vessel-Mulh  but 
also  in  the  cdnstitntitm  of  the  hltHtd.  Many  chemical  aj^entw  so  damage 
the  ve.s.Kel-widLs  that  the  frictional  eiiuatiiui  iieeomes  greater,  while  at  tlie 
same  time  the  wall  itself  beooineH  more  pervious. 


IV.  CEdema  and  Dropsy. 

§  4:^.  The  nnconfined  Hnid  which  permeates  the  tissues  is  esRentially 
a  transudation  from  the  bhmd,  though,  under  some  eireunistanees,  a  por- 
tion of  the  juice  cDiilaincd  in  the  cells  and  fibres  may  also  pass  over 
into  the  uueontined  tluid  of  the  tissues  (Heidrrdiain).  The  exudathm  i>f 
lluid  t'rnm  the  vessels  is  not  a  process  of  simple  HHration,  bnt  is  rather  to 
be  i*egarded  as  a  pnjeess  of  si'cretion  (Heidenhain)  effei'ted  liy  means  of 
tlie  speeifle  function  of  the  cjiijillary  walls.  The  fluid  seei-eted  fmm  the 
eapilfaries,  whieli  becomes  mingled  with  the  proibicts  of  tissue -metabo- 
lism, is  absorbed  l>y  the  lymphatics  from  the  intei-slieesof  the  tissues,  and 
is  returned  to  the  veins  thmutrli  tin*  dm-tus  tln'raeiens. 

Kvery  increase  in  tlie  transudati<tn  of  the  hlood-tlnids  occasions  pri- 
marily an  ineirasfr  in  the  permeation  of  the  tissues.  Mhich,  for  the  most 
part,  is  a»„miu  reduced  by  an  incrcaKcil  absorptitai  throuLrh  the  lymphatics. 
Tliis  e(|uilibratii>n.  h*)wever,  has  its  limits;  with  increased  transudation 
fi'om  the  bliMxl-vc-isels  we  get  a  more  or  less  ponnanent  oversaturatiou 
of  the  tissues  with  the  transuded  fluid. 

Tliat  conditinti  whieh  is  pmdiieed  by  this  collection  of  fluid  in  the 
tissues  is  known  as  oedema  or  as  dropsy,  and  we  distinguish  between  a 
general  and  a  limited  dropsy  according  to  the  extent  of  the  nft'cetion. 
(Edeirui  extending  over  su|rt*rtieial  portions  of  the  body  is  known  as 
anasarca  or  a.s  hyposarca. 
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ANASARCA.  —HYPOSAKCA.— ASCITES. 


That  ftortioH  of  the  hUxni  which  is  tnmsiuleil  from  the  t^esseU  is  atinitfs 
c&H.'sitJerttbhf  /cj«  rirh  in  aihumiu  thau  the  bloml-ptnsma.  Tlie  fluid  collects 
fii*st  in  tho  iiittrstict's  (tf  the  tissues  as  free  tissue-fluid,  and  may  then 
sijnk  into  the  tissues  themselves  and  thus  eause  sweiliitg  of  the  cells  Hud 
ijf  the  fibres,  ami,  muler  some  cireumstftiiees,  the  fru-mation  \\X  vaeiuiles 
{Yi^.  2D),  due  to  the  ueciiniulatiou  of  <in.ips  t»f  Huid  within  the  cells  or 
thuir  derivativeti. 


^.cSil 


Fni.  20. — Lonjdtudinal  sfotion 
Uirou^rh  the  uL>deuiatoui>  uimioli'-hhres 
of  the  gaatrocuemius  of  a  subject  with 
ohronii:  cedenia  of  I  he  lep*.  (Sjie cirnen 
lmrd»?ned  in  Flemming''9  aoid-niixture, 
stained  with  safniuiue,  and  tnountea 
in  i.'anada  bali^aiu.  ^lugrullied  45 
dianu'tem.) 


This  may  be  most  fivfjuently  demonstrftt^d  in  t^^g^imuMitHry  and  in 
HfUmdular  ej>itlieLinni,  but  lueoities  t-videut  alsti  in  other  tissue-elements, 
particularly  in  inusele-tibres  (Fijr.  20),  whose  librilia?  l>ecorae  sejmrated  by 
dn»ps  of  tluid.  It  may  happen,  ui(»reover.  that  cells  in  a'denuit-oufi  tis- 
sues, partienliirly  in  tlie  huijrw  and  the  senuis  membranes,  betMmie  1<m»h- 
ened  from  their  attachment,  and  the  fluid  comes  U\  eoutaiu  an  admixture 
of  e]^itheIial  and  endothelial  wW^  u\  nmsidenibh'  uumbi-rs. 

Tissues  whieh  ai-e  the  Sr-^at  of  (x*deuiii  iipin-ar  swidlen,  thou^b  the  de- 
pfree  of  sn-elUnjr  is  essenthilly  dejjendent  uptm  th**  structure  nf  the  tissue. 
The  skin  and  the  snbcutani-ous  crllular  tissue  are  able  to  take  up  into  the 
int**rHticea  of  their  structure  hirtre  quantiticH  of  liquid,  and  an  extremity 
may  uccordiiijfly  become  eutirnnaisly  swollen  witli  a-iU'inn,  Its  a]>peur- 
ance  is  then  pale,  it  has  a  dnupby  fe^■lin^^  and  ujion  pressure  with  the  fin- 
gi*r  an  indfutation  remains  b*dnnd.  An  im-ision  >ii'ts  f rre  an  abundance 
of  dear  Iiijui4l  luid  revrals  the  tissut^s  thomujjhly  sjittu-atiMi  with  fluid. 

The  lunjf  behaves  in  a  sinnlar  wjiv.  (hviiifj  to  its  limited  room  it  is 
not  )>s|M*('ially  distensible,  but  it  contaiiis  multitudes  of  cavities  filled  with 
air,  and  these,  upon  tlicmlveut<>f  UMleiua,  become  tiUeil  with  li([iitd,  wliich, 
on  pressure,  I'Sf-ajus  from  a  out  surface,  nuujjied  with  aii*d)nbbleHv 

Far  less  capalde  nf  rplainiujr  fluids  is  the  kidney;  consmiuently  but 
little  fluid  flows  off  on  section  r»f  un  aMiematous  kidney,  though  the  cut 
Rurfaee  is  moist  and  prlistt^nin^. 

The  amount  of  Mood  contained  in  oedematous  tissues  is  variable,  and 
tlieir  color  is  eonsequently  so  also. 

Such  ca\'ilies  of  the  body  as  ai'c  the  scat  of  dropsical  efl'usion  contain 
at  one  time  a  considerable,  and  at  another  a  very  small  amount  i)f  clear, 
generally  lifrht-ytdlow,  ranly  <|uite  et»lorIess,  alkaline  fluid,  which  occa- 
sionally contains  a  few  flakes  of  fibrin  (cf.  the  section  u\\  Inflanmiation). 
Compressible  orsrans  are  eoint>res»etl  bv  the  exiulation,  and  cavities  arc 
dilated. 

A  collection  of  fluid  in  the  ahdotniual  cavity  poes  by  the  name  of 
ascites. 

The  proportion  of  albumin  in  pure  tniusudates  is  n*»t  the  same  iu  all 
the  tissues  and  cavities  «>f  the  body,  but  tliflFei*s  within  ivide  limits.  Ae- 
eordinjr  to  Keuss,  (he  proportion  of  aUnnniti  in  transudates  nf  the  pleura 
is  22.5  pro  milU;  of  the  ])ericardi«ui.  18..3:  of  the  ]M'ntimeinrt.  11.1 ;  of 
the  sulMUitAuetms  erlhilar  tissue,  o.H ;  oi  (he  cerebral  ami  spinal  cavities. 
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1.4.     ThfTciu  liPS  a  proof  of  the  diffeiing  constitution  of  the  vessel-wall 
in  the  several  tiHsues  of  tlie  body. 

The  water  of  the  varioos  or^ns  and  tiasaes,  ai-cordiug  to  Heidenhain/  is 
made  up  of  three  parta^)f  the  waWr  ]>resenl  in  tlm  blcwjU,  of  tlie  lymph  of  the 
organ  under  cousi deration,  and  of  the  water  t-ontained  in  the  cells  and  in  the 
fibres— the  tis^uc-tluid  proper.  This  tissue-tluid  may,  under  certain  circum- 
stances, undt>r^o  eonsidenible  variations,  incivasing  at  the  expense  of  the  watery 
part  lyf  the  tiloml  or  nf  the  lymph,  r»r  tiiniiuishing  as  the  latter  increases. 

If  the  l^^o[H)r^jon  of  i-iy'Rtalliiiilh  in  the  bUnid  (urea,  suj^rar,  wtlth)  become 
preater.  both  blood  and  lymph  come  to  contain  a  greater  proportion  of  water, 
which  is  jiossibk'  f>nly  in  this  way :  that  these  substances,  when  thrown  into  tbe 
blood,  pass  over  into  the  lyitipli-spaces,  and,  by  their  affinity  for  the  tiystif- 
tluids,  excite  a  discharge  of  water  from  the  tiasue-elementi*.  The  prompt 
pasHage  of  the  cryHtalloiils  between  the  Iditod  anil  thfl  hinph  is  a<'cortipl!KlHMl 
with  the  aid  of  a  fon-e  inherent  in  the  capillary  cells;  that  is,  it  is  not  a  phe- 
nomenon of  mere  diffnsion.  The  evidence  of  tins  lies  in  the  fact  that  the  pro- 
portion of  salts  or  of  sugar  in  the  lymph  is  oftentimes  greater  than  that  in  the 
blood. 


5  44.  According  to  tlui  I'tiidogy  we  distinguish  four  varieties  of 
oedema — namely,  the  tethma  of  Mugmtliovy  tufinmntftforif  (xdrtnu,  htjtit'ttmic 
adciini,  and  the  utUtnti  fjc  riinto. 

The  oedema  of  stagnation  is  the  ivstdt  of  a  partial  .stagnation  of  the 
Idood-einnilutiou.  It  in  tiny  nmiiner  thu  t>nttl<iw  of  venous  bl(l^d  I>e  im- 
peded, if  the  obstjicles  inipiMling  (he  ldo()4i-Hi»w  exveed  ai'ertain  limit,  the 
HnJds  of  the  blood  then  seek  a  laterid  ontlrt  and  eseape  from  the  vessels. 
The  amount  of  the  es<"aping  tlnids  incrftise^s  in  proportion  U*  the  degree 
of  diserepaiiey  I'etwecn  the  inllow  and  the  outHovv  of  the  bK>od,  and  is 
therefoi'c  increased  l>y  an  increase  in  the  tifJlux  td"  blood. 

The  escaping  tbiiri  never  eontaitis  niiirb  albumin,  though  with  increase 
of  ]>ressure  in  the  veinn  the  proj)f)rtion  of  idbumin  rises  (Senator) :  the 
fluid,  furthermore,  eoutaiiis  more  or  h't^a  iHnncn>us  rtrd  btood-corpusides, 
and  llieir  muuber  itirrrascs  with  the  degre«_'  of  nbstnietion. 

The  immediate  result  id"  tin  iu('rease<l  transudation  is  an  iiiereas;ed  flow 
of  lymph,  and  this  nuiy  sufliee  to  carry  off  all  tin*  tinid.  If  it  do  not  so 
Hufllce,  the  fluiil  roUeets  in  the'  tissues  and  we  have  a  eotulitiou  of  u'denia 
or  dropsy.  According  to  Landerer.  the  4n*<'UiTt'nee  of  this  condition  i.s 
favored  hy  The  fact  that  the  (dasticity  of  the  tis.sues  becomes  (iiiiiinished 
iu  eonstMiuencL*  <>f  the  long-eontinued  increase  of  the  pressure  to  which 
they  are  subjected. 

Obstruction  to  the  flow  of  the  lymph,  as  expeiiineiit^  iu  thi«  line 
bave  shown,  is  not  ordiiuirily  sneeeeded  by  u-deuiu.  In  the  first  plaex*,  the 
lymph-vessels  in  the  various  ]iarts  of  the  liody  have  ehiborate  ausustomoses, 
so  that  an  obstructiiHi  to  the  How  of  lymph  ch>es  imt  ivaiUly  oceur;  and 
even  when  all  tlie  effrreiit  lyiuphiitics  of  an  extvenuty  are  ch>seil  oif.  pro- 
vidi'd  the  lyuipb-f(jrmn!iou  riMuaiiis  uormal,  no  dropsy  generally  cusues, 
inasmueh  lis  the  blo(»d-vesseIs  themselves  are  abb;  to  take  up  the  lymph 
again.  Oidy  the  ocrhision  of  the  rfac/HJi  thofttrirus  is  onliimrily  f<dlowed 
by  st^isis  of  the  lymph  and  by  a*dema,  piirlienlarly  by  ascites;  but  we 
must  still  obsei^'e  that  even  in  this  ease  cdlatenil  channels  nuty  open  up, 
and  may  suflSee  to  eany  off  the  lyin]ih.  , 

•  "  Versuche  und  Fragen  zur  Lehrn  von  der  lATuphbildung"  [Essays  and 
Queries  RegHrdingthe  Theory  of  Lyriiph-formalionj,  .-IrcA. /.  d.  /;cx.  Phi/sioloffK^ 
49.  Bd.,  18*J1,  and  Verh.  dtjn  X.  internal,  metl.  Cong.,  ii.,  Berlin,  1891. 
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Although  lymphatic  obstruction  is  not  ordinarily  sufficient  to  cause 
oedema  of  itself,  yet  it  does  increase  an  oedema  already  produced  by  ex- 
cessive transudation  from  the  blood-vessels. 

The  amount  and  the  character  of  the  fluid  which  escapes  from  the 
capillaries  and  the  veins  are  not  dependent  merely  upon  the  intravascu- 
lar pressure  and  the  degree  of  obstruction  to  the  blood-current,  but  also 
upon  the  constitution  of  the  vessel-wall.  Therefore  not  only  disturbances 
of  the  circulation,  but  also  changes  in  the  vessel-wall,  and  in  the  endothelium 
in  particular,  may  lead  to  an  increase  or  to  a  diminution  of  the  transudsr 
tion.  Indeed,  as  the  outcome  merely  of  long-continued  obstruction  and 
the  resulting  imperfect  renewal  of  the  blood,  but  still  more  in  consequence 
of  chronic  ischwmia,  of  imperfect  oxygenatmi  or  of  chemical  changes  in  the 
blood,  or  by  reason  of  the  effect  of  high  or  loic  temperatures  or  of  traumatic 
lesions,  etc.,  the  M'alls  of  the  vessels  may  become  more  pervious  to  the  fluid 
as  well  as  to  the  corpuscular  elements  of  the  blood.  Just  what  changes 
the  vessels  suffer  under  these  circumstances  we  are  not  able  to  state  pre- 
(iisely,  but  it  is  proper  enough  to  suppose  that  injurj'^  to  the  endothelial 
cells  and  to  the  cementing  substance  between  them  is  the  most  important 
part  of  the  lesion.  If  through  these  influences  oedema  arise,  then  we 
may  distinguish,  according  to  the  cause,  toxic,  infectious,  thermal, 
traumatic,  ischsmic  oedema,  etc.,  and  such  a  division  would  have 
much  to  commend  it.  Hitherto  the  kinds  of  oedema  here  under  eonsidei*a- 
tion  have  generally  been  relegated  to  two  groups,  inflammatory-  oKlema 
and  cachectic  oedema.  * 

Inflammatory  oedema  is  most  undoubtedly  to  be  refeired  to  an  altera- 
tion in  the  wall  of  the  vessel,  and  is  seen  both  as  an  independent  affection, 
in  the  shape  of  c;rcumscnbed  oi*  more  extensive  swellings  and  dropsical 
effusions,  and  also  as  an  epiphenoraenon  in  the  neighborhood  of  severe 
inflammatory  processes.  In  the  latter  case  it  is  frequently  called  collat- 
eral mlema.  Inflammatory  oedema  is  differentiated  from  the  oedema  of 
stagnation  in  that  the  transuded  fluid  holds  far  more  albumin  in  solution 
and  is  Tinicli  richer  in  white  blood-eorpnscles,  and,  furthermoi*e,  in  that 
considerable  coagida  occiu*  in  it  (cf.  tlie  section  on  Inflammation).  Its 
origin  is  to  Ite  sought  sometimes  in  infectious  and  toxic,  sometimes  in 
thermal  or  traumatic  influences,  and  again  in  a  temporally  iseha'mia. 

As  to  hydraemic  or  cachectic  oedema,  it  was  long  thought  that 
hydraMnia  proper — i.e.,  dimintition  of  the  solids  of  the  blood — as  well  a« 
hydriemic  plethora — i.e.,  retention  of  water  in  the  blood — could  be  an 
innnediate  cause  of  increased  transudation  from  the  blood-vessels.  It  was 
supposed  that  the  vossel-walls  behaved  as  animal  membranes  and  allowed 
a  fluid  poor  in  albumin  to  i)ass  through  more  readUy  than  one  ecm- 
taiuing  a  larger  amount  of  albumin.  The  vessel-walls  are  not,  however, 
lifeless  animal  membranes,  but  are  to  be  regarded  as  a  living  organ. 
Hydra^mia,  experimentally  produced,  is  not,  according  to  Cohnheim,  fol- 
lowed by  oedema;  and  even  when  we  succeed,  through  the  prodiu'tion 
of  hydremic  plethora — i.e.,  through  ovei'filling  the  vasciUar  system  with 
watered  l>loo<! — in  obtaining  an  increased  transudation  from  the  vessels, 
and  eventually  oedema,  this  oedema  supervenes  only  after  the  proportion 
of  water  in  th<^  blood  has  become  von*  large,  and,  moreover,  it  does  not 
develop  in  the  same  localities  where  the  so-called  hydraemic  oedema  in  man 
develo])s.  We  are  driven,  then,  to  assume  that  the  a'denia  of  eaelie**tic 
individuals,  as  well  as  that  of  '"nephritics" — i.e.,  of  individuals  whose 
renal  function  is  imperfect — is  due  essentially  to  an  alteration  of  the  vessel- 
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ira/fa,  an  alteration  caused  either  by  the  liydrated  condition  of  the  blood 
or  by  a  poison  circulating  in  that  fluid.  Probably  other  lesions  of  the 
tissues  should  be  considered  in  tnis  connection  (Landerer) — lesions  which 
diiainish  the  elasticity  of  the  tissues.  Under  these  conditions  the  hydrcemm 
indeed  favors  the  appearance  ofcedema,  but  is  not  the  sole  cause  thereof,  nor 
does  it  determine  the  site  of  the  same. 

Hydremic  oedema  is  distingoished  from  inflammatory  oedema  by  the 
facts  that  the  transudate  is  less  rich  in  albumin,  and  that  it  contains  cor- 
puscular elements  in  smaller  proportion. 

CEdema  ex  vacuo  occurs  principally  in  the  cranial  cavity  and  in  the 
spinal  canal,  and  arises  in  all  cases  where  a  portion  of  the  brain  or  of 
the  spinal  cord  is  lost  and  its  place  is  not  taken  by  some  other  tissue. 
In  atrophy  of  the  brain  and  of  the  cord  the  subarachnoidal  spaces  in  par- 
ticular become  enlarged ;  occasionally  the  ventricles  also.  Local  defects 
either  become  filled  by  dilatation  of  the  nearest  subarachnoidal  spaces  or 
of  the  adjacent  portions  of  the  ventricles,  or  fluid  collects  directly  at  the 
site  of  the  defect. 

According  to  Cohnheim  and  Lichtheim,  injection  of  aqueoos  solutioiisof  salt 
into  the  vasoolar  system  of  dogs  • — hydration  of  the  blood — does  not  produce 
cedema.  If  the  nuMs  of  the  bleed  is  increased,  an  increase  is  observed  in  almost 
all  the  secretions  (saliva,  intestinal  juices,  bile,  urine,  etc.)  and  also  in  the  flow 
of  lymph ;  the  last,  however,  not  universally— for  instance,  not  in  the  extremi- 
ties. In  an  advanced  state  of  hydnemic  plethora  the  abdominal  organs  become 
oedematous,  bat  never  the  extremities.  Uontrol-e^>erimenta  reoenU^  made  by 
Francotte  confirm  the  observation  that  hydrsemio  plethora  artificially  induced  in 
the  lower  animals  results  directly  in  dropsy  of  the  abdominal  organs;  but  Fran- 
cotte obtained  oedema  also  of  the  skin  and  of  the  subcutaneous  cellular  tissue. 

The  view  that  the  so-called  hydrffimio  oedema  is  merely  the  result  of  an  in- 
crease of  the  absolute  amount  of  water  in  the  blood  is  championed  especially 
by  von  Beoklinffhausen  and  recenUy  by  Pisenti  also.  The  distribution  of  the 
dropsy  is,  aooording  to  von  Recklin^hanseUj  essentially  dependent  upon  bodily 
position,  external  pressure,  obstructions  to  circulation,  difference  in  innervation 
of  the  several  vascular  areas,  and  upon  the  consequent  difference  in  the  fulness 
of  their  vessels. 

I  can  subambe  to  these  opinions  only  in  so  far  as  they  apply  to  the  modify- 
ing factors  name<L  not,  however,  as  regards  their  general  drift.  Opposed  to 
this  are  not  only  the  experiments  of  Connheim  above  referred  to,  but  also  the 
fact  that  in  nephritic  as  well  as  in  cachectic  sabjects  oedema  not  infrequently 
appears  at  a  time  when  no  hydrsBmio  plethora  is  present,  and  the  further  fact 
that,  with  hydnemio  plethora,  oedema  may  be  wanting.  I  therefore  look  upon 
the  increase  in  the  amount  of  water  as  only  one  factor  which  is  favorable  to  the 
occurrence  of  oedema. 

According  to  Lowit,  for  the  development  of  an  oedema  of  stagnation  in  the 
lun^  an  obstrnction  to  the  outflow  of  the  blood  from  the  lungs  is  not  alone 
sufficient ;  there  must  at  the  same  time  be  an  increased  afflux  of  blood  to  the 
lungs,  which,  moreover,  must  pendst  for  a  certain  length  of  time. 

According  to  Heidenhain,  the  specific  function  of  the  capillary  walls  plays  a 
controlling  part  in  the  formation  of  lymph,  and  consequently  the  formation  of 
this  material  can  be  influenced  by  various  substances  present  in  the  blood.  The 
fact  that  crystalloid  substances  are  quickly  eliminated  from  the  capillaries  and 
cause  a  dischat^  of  tissue-fluids  into  the  lymph  has  already  been  mentioned 
in  %  43.  Heideimain  has,  however,  found  substances  which,  when  injected,  in- 
crease the  transudation  of  water  from  the  blood-vessels  into  the  lymph.  This 
may  be  accomplished,  for  instance,  with  decoctions  of  the  muscles  of  crabs  and 
of  fresh-water  mussels,  or  of  the  heads  and  bodies  of  leeches,  or  with  injections  of 
peptone  and  of  egg-aloumin ;  and  by  these  means  the  quantity  of  Ijnnph  flowing 

•  FiVcft.  ^rcft.,  69.  Bd. 


134 


HJEMORBHAGE  AND  THE   FORMATION   OF  INFARCTS. 


from  the  ductus  thoracicus  may  be  increa&ed  from  Ave  to  tax  fold.  There  is  also 
a  concomitant  increase  in  the  proportion  of  orgiinic  matter  in  the  lymph.  The 
exciting  subBtiuiee  muHt  then  stimuhitn  iht*  fum-iitm  of  thoH4'i'«lli<  intheo^pillary 
walitt  which  seiTcte  the  lymph.  If  we  reason  from  th*?»>e  observations,  it  Beems 
yerv  probable  that  many  skin-aflfectiong  described  as  neuropathic,  and  character- 
izen  by  cutaneous  hyperieinia  accompanied  by  oedomatous  swelling: — as,  for  ex- 
ample, nrticana,  erjlhoma  nodosrum,  and  herpes  zoster — are  to  be  regarded  as 
Intoxications  coui>]ed  with  nervous  affectionH  and  with  disturbanooB  of  the 
secretory  atrtivity  of  thecApillarie».  Posssibly  tlie  secretion  of  the  capillaries  may 
be  affected  also  by  direct  innervation. 

V.  Haemorrhage  and  the  Formation  of  Infarcts. 


§  45.  By  hemorrhage  we  uuderstand  the  escape  of  all  the  ingredi- 
ents of  the  blocxl  from  the  vess*ds  {f^jtraraaatioH)  into  the  tissues  or  upon 
a  free  siu-face.  It  is  either  nrterifd  or  venim,s  or  cfTfiiUart/,  or  else  oecura 
from  all  the  WKSfin  at  once.  Tin-  blood  whii'h  has  cwHjjed  from  the 
capillaines  is  teniied  au  extravasate ;  nt  the  same  time,  for  the  various 
foniis  of  hipmon'hii^'c  \\u-rf  are  a  ^reat  variety  of  immes  in  use.  If  the 
liaMiHin-hngic  foci  ai*  small  and  fonn  inor<'  fir  less  sbai-|dy  defined,  punc- 
tate, red  or  reddish-blaek  spots,  we  desiffnati-  them  as  piicvhm  or  ecchy- 
mones  ;  if  they  are  Inrper  and  h*sR  clearly  deliJUMl,  as  swffjUhithms  nm\  f%% 
hhrnitf  sit^titthms.  If  the  affe<'ted  tissue  is  s(vlidly  infiltrated  Mrith  the 
eseajwd  blood,  but  yet  not  nmt  nor  broken  up,  we  eall  it  a  hdmorrhujie 
infitrvf.  If  the  blood  forms  a  tumor  we  speak  «»f  it  as  a  hamatonm,  or 
a  blood-tumor. 

Considerable  hemorrhages  are  alwayn  eouidt-d  with  a  prnnomieed 
altei*ation  of  the  tissues;  not  iufreipiently  the  tissue  is  bn)ken  down  f<ir 
a  considerable  tlistauce  (as  may  be  the  ease  with  the  brain). 

If  the  hEpmoH'hage  occur  at  the  fi*ee  suifrnv  of  au  orgau  the  blood 
either  escapes  externally  or  is  poui-ed  out  into  the  eavity  surroimdiujtr  the 
or^an. 

Ha?morrhagt^  from  the  mucous  membrane  of  the  now^  is  called  tpis- 
taxisf  vomiting  of  Vihunl,  ha  /miffitiexiM;  bh'eiiinjr  from  the  Inupi,  Innnopfof'' 
or  hf^mopfyfiiif;  fnini  the  litems,  ttiffrorrhnffia  or  menorrhagia  (during 
menstruation);  from  the  urinary  organs,  hunmtuna. 

A  colleetiou  of  blood  in  the  utenis  is  dfsi^nated  as  hirnmfoinftra,  in 
the  pleural  t^avity  as  humothorux,  in  tlie  tunica  vaginalis  testis  as  hnnn- 
toteU,  in  tiie  peritratxlium  us  htdtwpenrarditfni. 

Recent  extravasations  <)f  blowl  have  the  cfilor  eharaetcnstie  of  arterial 
or  of  ventius  blood.  Later^  the  extravasate  nnderpies  vanous  alterations, 
which  are  particularly  characterized  b\'  color-chanjres.  Subi-utaueona 
sugpilftti4>ns  ln'comc  first  bi-nwu,  tln-u  blue  and  green,  and  tiually  yellow. 
In  course  of  time  extmvasates  become  abBf>rbed  afrain.  (For  more  piir- 
ticnlar  treatment  of  this  subject,  see  the  chapter  on  Htumatogeuous  Pig- 
ment-fo^mat^^^u,  in  Section  IV.) 

Ewfape  of  blood  fri>m  the  vessels  otv.urs  in  two  different  ways.     Sud- 
den ha^moiThapes  are  always  connected  with  interruption  in  llic  continu- 
ity of  the  vessel-wall,  and  are  therefore  called  hamorrhH^-ec  m-r  rhexin 
or  per  dlabrosin.    This  is  the  only  fonn  of  arterial  ha-n 
the  capillaries  and  the  veins  luemorrhapre  mav  <""•-- 
in  still  anittbt-r  manner — to  wit,  per  diapede' 
which  the  blood  passes  thn»tigh  Mi»*  vessel 
in  the  same.    In  this  case  the  blood-uo 
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another  through  the  vessel-wall,  while  at  the  same  time  there  is  an  escape 
of  fluid ;  yet  not  of  unaltered  blood-plasma,  but  of  fluid  less  rich  in  albu- 
min (cf .  §  44).  Such  hiemorrhages  are  often  quite  small  and  of  inconsider- 
able extent ;  in  other  cases  the  process  continues  for  a  longer  time,  and 
the  infiltration  of  the  tissues  with  red  blood-corpuscles  becomes  very  ex- 
tensive. Haemorrhages  by  diapedesis  are  not  always  small,  and  haemor- 
rhages by  rhexis  not  always  great.  Rupture  of  a  capillary  or  of  a  small 
vein  does  not  cause  profuse  bleeding;  on  the  other  hand,  the  escape  of 
blood  by  diapedesis  may  attain  to  very  great  proportions.  In  a  given 
case  it  is  by  no  means  always  easy — indeed,  it  is  often  impossible — to  make 
out  whether  hiemorrhage  has  taken  place  by  rhexis  or  by  diapedesis. 

In  suitable  objectB  the  phenomenon  of  diapedesis  may  be  observed  under 
the  microscope.  For  this  purpose  we  make  use  of  the  frog's  mesentery  or  of 
the  web  of  the  frog's  foot  (Oobnheim).  If  b^ore  the  examination  we  ligate  the 
efferent  veins,  we  see  that  the  capillaries  and  the  veins  become  goi^ed  with 
blood.  After  a  certain  time  the  red  blood-corpuscles  begin  to  escape  from  the 
capillaries  and  the  veiiu.*  Heringf  regards  the  process  as  one  of  filtration. 
As  a  result  of  obstmction  to  the  outflow,  the  blood  seeks  to  escape  laterally  and 
is  forced  through  the  vessel-wall  by  pressure. 

Exhaustive  investigations  in  regard  to  diapedesis  of  the  red  blood-corpils- 
cles,  as  well  as  in  regard  to  the  escape  of  other  anatomical  elements  within  the 
blood-vessels,  have  been  carried  on  by  Arnold.^  He  thought  first  that  we  must 
admit  the  presence  of  gaps  in  the  endothelial  tube  at  the  points  of  exit  of  the 
corposcnlar  elements,  and  he  designates  these  gaps  as  sti^nata  and  stomata. 
He  subsequently  recognized  the  supposed  openings  to  be  but  accumulations  of 
the  intercellalar  oement-substance  oetwemi  the  endothelial  cells.  Under  patho- 
logical conditions  this  cement-substance  becomes  softened  and  permits  the  pas- 
s^^  of  the  red  blood-corpusoles. 

§  46.  The  causes  of  interruptions  in  the  continuity  of  the  vessel- 
walls  are  partly  mechanical  injury^  partly  increase  in  the  intravascular  pres- 
sure,  partly  disease  of  the  hlood-vessels.  Increase  in  the  blood-pressure  in 
the  capillaries  is  sufficient  of  itself  to  cause  capillary  rupture  without  the 
aid  of  vascular  changes,  especially  in  cases  of  marked  obstruction.  Sound 
arteries  and  veins,  on  the  other  hand,  cannot  be  dilated  to  the  point  of 
rupture  by  the  mere  rise  of  blood-pressure ;  diseased  or  abnormally  thin- 
walled  arteries,  however,  may  burst.   New-formed  vessels  are  very  fragile. 

Diapedesis  follows  upon  rise  of  pressure  in  the  capillaries  and  veitis,  as 
well  as  upon  increased  permeability  of  the  vessel-walls.  If  the  outflow  of 
venous  blood  in  a  given  vascular  area  is  totally  interrupted,  diapedesis 
of  the  red  blood-corpuscles  from  the  capillaries  and  veins  starts  up  here 
and  there ;  this  is  to  be  regarded  as  the  result  of  the  increase  in  inb*ava8- 
cnlar  pressure.  The  exodus  of  blood-corpuscles  through  vascular  degen- 
eration occurs  particularly  after  mechanical,  chemical,  and  thermal  lesions 
of  the  vessel-walls,  and  we  may  suppose  that  certain  poisons  affect  the 
vessel-walls  with  especial  virulence.  An  abnormal  permeability  of  the 
vessel-walls  may,  furthermore,  be  observed  when,  for  a  long  period,  the 
vessels  liave  not  been  traversed  by  the  blood-stream,  and  have  suffered 
in  their  nutrition  in  consequence. 

When  an  individual  manifests  a  tendency  to  haemorrhage  the  condi- 

•  Cf.Cohnheim,"  AllgemeinePathologie"I.Th.,and  Virchow^s Arch.,  H.Bd. 
t  SOzun^her.  d.  Wiener  Ahidemie,  1868, 57.  Bd. 
t  Virchow's  Areh,y  68.,  62.,  and  64.  Bd. 
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tion  is  oallftd  one  of  hsemorrhagic  diathesis,  of  wliicli  we  recognize  a 

oougt'uitid  ami  an  ucquitvd  t'nrm. 

Thecongenital  hicfnorrhagic  diathesisutul  con£:enital  haemophilia,* 
as  has  alretuly  bet>n  statt^d  in  §§  30  and  31,  l>eloug  to  the  hereditary  dis- 
eases and  have  their  cause  probably  iu  an  aljiioniiiJ  constitution  of  the 
vascidar  walJs,  (»n  account  of  which  the  afflicted  subji-ct  lias  a  marked 
disjiosition  to  bleed,  ami  proU)nged,  uncontrollable  haemorrhages  follow 
after  petty  injuries.  It  is  nevt-rthflctis  possible  that  the  constitution  of 
the  blood  is  also  in  some  way  nltrrcd. 

An  acquired  hsemorrhakic  diathesis  attends  those  diseases  tcuown 
as  scurvy,  morbus  maciUosus  Werlhofii,  inirj-tura  t^implex,  puqnira  (peli- 
osis)  rlietmiatica.  purpiu'a  hamioiThagica,  and  hifmophilia  and  melnnia 
neonatornm,  and  furthermore  plays  a  part  in  ninny  infectious  diseases  and 
iutosieatitms — e.g.,  septictemia,  eudocanlitis.  malignant  pustule,  sjxitted 
t\i>lnis,  eholera,  smallpox,  the  plague,  acute  yrllow  ati-opliy  <if  tJie  livt*r, 
yellow  fever,  nephritis,  phosphonLs-jioisoning.  siiakc-biJcs,  etc. — and  also, 
finally,  in  peniiciouK  nnamiiu,  lcuc<K\vtha^min,  and  pscudo-leucwytha'mia. 
The  <'ause  of  the  diseases  named  in  the  iii-st  gi*ou]>^in  all  of  wliii-h  the 
occurrence  of  bn*niorrhages  iu  the  skin,  as  well  as  in  tlie  mucous  mem- 
branes, and  in  the  jMirencliynm  of  other  organs  and  tissues,  constitutes 
a  prominent  symptom — is  ordinarily  supposed  to  lie  in  a  gtnerul  dis- 
titrhiinrf  of  untritiott  and  rhrulation^  altliouglx  many  obser\'ations  of  the 
last  few  years  makr  it  jirobable  that  at  least  a  grt^at  pniportion  of  them 
belong  to  the  class  of  infe^tiong  dweaufs.  W.  Koch  is  of  the  opinion  that 
sourv^'  is  an  infectious  disease,  and  that  puqnira  in  its  many  forms,  and 
erythema  nodosmu,and  the  ba^moirhages  occurring  in  the  new-lM>ni,  are 
varieties  of  the  same  infection.  In  the  last  few  yeai-s  I'li'trria  have  fre- 
quently l)een  found  in  these  latter  affections  als<h — tiint  is,  in  imr]»ura 
Im'untrrbagica  and  also  in  hiemoi>bilia  neomitorum.  In  tliis  connection 
we  must  refer  particularly  to  the  investigations  of  Kolb,  Babes,  Giirtner, 
Tizzoni,  and  (iiovaniiini,  who  have  found  in  tliost-  suffenng  from  these  dis- 
eases baoiUi  which  were  also  patiiogeuic  for  the  lower  animals,  and  when 
injected  produced  an  affection  charact+*rized  liy  htemorrhages.  With  these 
diseases  those  other  inferti<»ns  which  are  characterizi'd  by  ha^nmrrhages  are 
probably  connected,  and  it  is  to  \te  snpjxiscd  that  the  blewiing  is  produced 
partly  by  local  changes  in  the  walls  of  the  vessels,  caused  by  h^raliznl 
tpoirtb.s  of  imrfffui,  ]>artly  by  the  iujnrhHS  iufiinnfeoftaritfriilMtaiitt'spro- 
durt-d  hy  thf^  fHtrtrriit  tht'maflvf.s.  In  tilis  case  they  shouhl  in  part  be  reck- 
onetl  among  the  luvmorrhages  of  intoxication. 

The  haemorrhages  occnrring  in  conditions  of  anaemia  are  to  be  re- 
garded as  a  consequence  of  amvmie  degeneration  fif  the  vessels,  though 
partly  also  as  a  result  of  disturbances  of  the  circidation. 

A  wliole  list,  finally,  of  apparently  spontaneous  hiemorrhages  Ls  con- 
nected with  irfif/ition  or  fntrtili/yis  of  the  vHsfhntoior  ji^rr^jf,  arising  either 
from  the  central  nervous  system,  or  by  rellex  m-tion,  or  through  lesion  of 
the  ccmdncting  nen'e-ftbn-s.     Hcrt-  In'long  the  haemorrhage  of  menstrua — 
tion,  many  forms  of  nasal,  intestinal,  and  bladder  Inemorrhage  ;  f urther-- 
more.  bleeding  from  the  skin  (stigmatization),  frf>m  the  breasts^  froi 
hflpmorrhoids,  from  wounds,  etc.     Here  also  are  to  be  reckoned  a 


'  The  wording  of  the  original  tcjct  elenrly  raak 
rate  diseases ;  ana  yet  it  woald  seem,  as  if  the  ** 
an  **  or,"  the  text  then  reading—"  congenital  h 
ha^iuophilia.'*— Tbanslatoh's  Note. 
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tion  of  those  pulmonary  heemorrhages  which  follow  upon  severe  cerebral 
lesions,  though  in  a  particular  case  a  trustworthy  judgment  often  cannot 
be  given,  because  disturbances  of  respiration,  as  also  the  aspiration  of 
irritating  substances  into  the  hings,  may  likewise  lead  to  hypera;mia  and 
to  the  escape  of  blood  in  the  lungs.  Lastly,  there  occur  in  brain-disease 
— ^particularly  in  disease  of  the  crura  cerebri — gastric  and  intestinal  haem- 
orrhages which  are  dependent  upon  the  cerebral  lesion.  According  to 
von  I^oschen,  the  gastric  and  intestinal  haemorrhages  occurring  during 
the  first  days  of  life,  and  known  as  melcena  neonatorum,  belong  to  this 
category,  inasmuch  as  during  labor  haemorrhages  and  ecchymoses  are  not 
infrequently  produced  in  the  brain,  in  consequence  of  which  the  intestinal 
htemorrhages  follow.  By  others,  on  tlie  contrary  (Gartner),  melaena 
ne<matorum  is  classed  among  the  infectious  diseases. 

§  47.  When  an  artery  is  suddenly  closed  by  thrombosis,  or  by  em- 
bolism, or  by  ligation,  or  by  any  other  means,  there  occurs  behind  the 
obstructed  point,  as  has  already  been  stated  in  §  38,  an  arrest  of  the  cir- 
culation, after  the  vessel  has  more  or  less  emptied  itself  by  the  contrac- 
tion of  its  walls ;  while  from  the  point  of  obstruction  back  to  the  point 
of  divergence  of  the  nearest  arterial  branch  the  blood-pressure  increases. 
If  the  branches  of  the  artery  behind  the  point  of  obstruction  have  free 
arterial  communication  with  some  other  unobstructed  artery,  this  latter 
by  becoming  dilated  is  able  to  carry  a  supply  of  blood  sufficient  for  the 
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Pig.  21. — Part  of  the  edge  of  an  anaemic  infarct  of  the  kidney,  a,  Normal 
nriniferoos  tnbules  in  a  normal  stroma;  a\.  Normal  uriniferous  tubules  in  a. 
Btroma  infiltrated  with  cells;  6,  Normal  glomerulus;  e,  Necrotic  tissue  without 
nuclei,  with  granular  co^ZTda  in  the  tubules ;  d,  Necrotic  glomerulus,  swollen 
and  with  few  nuclei ;  e,  Uriniferous  tubules  without  nuelei,  in  a  stroma  with 
nuclei  still  persistii^;  /,  Necrotic  tissue  with  cellular,  and,  g,  with  ha^morrhapic 
infiltration.  (Speoimen  hardened  in  M^Uer^s  fluid,  stained  with  hsematoxylin 
and  eosin,  and  mounted  in  Canada  balsam.    Magnified  50  diameters.) 
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area  of  flistribiition  of  the  obstmeted  vessel,  aud  tbe  arrested  circulatitm 
is  thus  restored. 

If  the  obstnictod  ai-ea  lia*  no  vascular  conueetions  thn>u^li  which  it 
can  draw  it;*  blcMKl-sujiply,  tliat  [Ktrtiou  (if  tissue  whieh  is  thus  di-jnived  ofl 
its  nutrition  ivmnins  empty  of  blood  and  dies;  tlius  thei*e  is  formed  an 
antcmic  infarct.  IVireneliyinHtous  or^^uH,  sueh  as  tlie  spleen  and  the 
kidneys,  in  those  jwrtioiis  which  are  deprived  of  blood,  Hpj>ear  ploudy,^ 
opaline,  yellowish  white,  often  elay-eolored,  and  the  niieroseope  shows  that 
the  tissues  are  deatl,  and  that  therefore  the  nueJei  of  the  cell«  (Fig.  21 
c,  d,  fj)  no  longer  take  the  stain. 

If  the  area  of  distribution  of  tlie  obstruet-ed  vessel  have  no  arterial 
anastomoses,  if  the  obstmeted  vesisel  l>e,  to  use  Colinhfiin's  expn^ssion,  a 
terminal  artery,  but  if  there  remain,  on  the  other  luiud,  the  jjoshibility 
of  ft  scanty  atfliix  of  bliMtd  f!Y)m  adjacent  capiUanes  or  from  the  veins,, 
a  h»morrhajcic  infarct  may  >»e  fonned.     Thr  eiipillanes  of  the  rcpiiiaj 
reudere<l  anaemic  by  the  ol>stnu'ti(.>u  tK*eonic  shiwly  filled  once  nion*  with.] 
bloody  which  comes  in  part  from  the  domain  of  adjacent  vessels,  in  jmrti 
fii)m  the  veins,  from  which  it  (lows  in  a  retroprft<ic  direirtion.    The  bliMwl 
flowing  in  froui  the  adjacent  capillaries  is  under  verj-  low  pressure,  which 
does  not  suffice  to  drive  the  blood  promptly  thn>ugh  the  obstruetwl 
into  the  veins;  the  blood  eousetpiontly  stagnates  and  the  ea]>ilhmes  h 
come  filled  fuller  and  fuller.     Even  in  the  event  of  a  pi^ssible  rctliix  lA 
blood  fr<tm  the  veins,  the  blood,  of  course,  merely  flows  into  the  capilla- 
ries, but  does  not  circulate  through  them. 

In  coiisequeiicc  uf  the  sttujiiation  which  arisej*  from  the  lack  of  pnwcr 
to  f<»ree  the  bKM)d  tdong,  diapedesis  eventually  tukes  place.  The  escape 
of  the  bloo<l  is  favon^  by  the  disorgmiUation  find  necrosin  of  the  tissufs 
find  of  the  vfstfel-waU^ — changes  whicJi  result  from  the  arrest  of  nntritioaj 
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Fio.  22,  -Part  of  the  edge  of  a  recent  hfemorrhagic  infarct  of  tlie  luD) 
Int^ralveolar  septa  without  nuclei,  containing  eapillnrica  p^rgeil  ftith  tlu-oni- 
botic  masses,  boinofr«inc>ous  in  appeamnco  and  deei»-bluish  violet  in  color ;  fc. 
Bepta  containing  nncli'i ;  c  A  vein  \vi(h  «  red  thrombus;  rf.  Alveoli  conipletel 
filled  with  clotted  tilooii ;  f,  .Alvculi  (Ulfii  with  serous  fluid,  ftbrin,  and  leuef 
cyteft.     (Spe<'inieii  hardened   in  Miillers  fluid,  ntflitied  with  ha'matoxylin  and 
6081X1,  and  muunted  in  Canada  bult>ani.     Magnified  ItK)  di&metera.) 
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or  its  reduction  to  almost  nil — and  it  is  further  favored  by  the  coagula- 
tion which  occurs  in  the  efferent  vessels  and  renders  impossible  the  onflow 
of  the  blood.  The  ultimate  effect  of  the  diapedesis  is  the  permeation  of 
the  whole  tissne  with  coagulated  blood  (Fig.  22,  d)j  and  the  formation  of 
a  solid,  reddish-black  hemorrhagic  focuSy  generally  conical  in  shape. 

Embolic  hcemorrhagic  infarcts  are  to  be  found  in  the  lungs  (Fig.  22),  but 
they  are  formed,  after  the  embolic  obstruction  of  an  arterj',  only  when  there 
is  a  tendency  to  stagnation  of  the  pulmonary  circulation  ;  while  with  a  normal 
pulmonary  circulation  such  circulatory  (^tnrbances  as  follow  upon  embo- 
lism are  generally  promptly  allayed.  In  the  corporeal  circulation  exten- 
sive hcemorrhages  from  embolism  are  cou&ned,  almost  exclusively,  to  the 
territory  of  the  superior  mesenteric  artery,  whose  branches,  although  they 
are  not  terminal  vessels,  yet  possess  but  few  anastomoses.  Anamic  in- 
farcts occur  particularly  in  the  spleen^  in  the  heart,  in  the  kidneys^  and 
in  the  retina^  though  luemorrhage  is  found  in  these  also,  along  the  bor- 
ders of  the  obstructed  region,  so  that  the  bloodless  foci  have  a  hasmor- 
rhagic  border  surrounding  them,  or  at  least  present  hEemorrhagic  spots 
(Fig.  21,  g).  The  necrotic  tissue,  furthermore,  becomes  saturated  with  fluid, 
and  may  then  swell  (Fig.  21,  d)  and  present  granular  or  fibrous  coagula 
in  its  interstices  (Fig.  21,  c).  In  case  of  the  obstruction  of  arteries  of  the 
brain,  or  of  those  of  the  extremities,  or  of  the  central  artery  of  the  retina, 
haemorrhages  may  also  occur  in  spots.  In  the  interior  of  the  infarct  the 
tissues  are  generally  wholly  or  in  greater  part  dead,  and  it  is  especially 
the  specific  elements  of  the  affected  organ  which  are  the  first  to  die.  After 
a  time  exudative  inflammation  arises  in  the  neighborhood  of  ischaemic  and 
of  haemorrhagic  infarcts,  with  the  formation  of  a  cellular  (Fig.  21,/)  or 
fibrocellular  exudate  (Fig.  22,  c) ;  and  this  is  followed  by  tissue-prolifera- 
tion (Fig.  16,  c,  d,  page  126),  by  means  of  which  the  dead  tissue,  with  its 
hipmorrhagic  infiltration,  becomes  absorbed  (Fig.  16,  a,  b),  and  its  place 
is  taken  by  connective  tissue. 

In  his  pubhahed  works  Virchow,  who  was  the  first  to  institute  any  profound 
experimental  researohea  into  the  matter  of  thromboais  and  embolism,  left  the 
question  of  ihe  origin  of  the  heemorrha^c  infarct  still  open,  but  he  expresses  the 
opinion  that  in  the  area  of  distribution  of  the  obstructed  artery  the  vascular 
walls  suffer  certain  alterations  which  render  tbem  more  fragile  and  permeable. 
If  a  collateral  ciroolation  afterward  become  established,  this  secondary  bvperse- 
mia  causes  exudation  and  extravasation.  Cohnheim,  who  observed  directly 
under  the  microscope  the  results  of  emboUsm  in  the  frog's  tongue,  demonstrated 
the  retrograde  flow  of  the  blood  in  the  veins,  the  refilling  of  the  capillaries,  and 
the  escape  of  the  blood  by  diapedesis.  The  cause  of  the  diapedesis  he  thought 
was  essentially  the  disozganization  of  the  vascular  wall  due  to  the  ansemia. 
Litten  connders  the  reflux  of  the  blood  from  the  veins  to  be  but  an  unessential 
part  of  the  i>henomenon,  and  ascribes  the  refilling  of  the  exsanguinated  area  to 
the  pouring  in  of  blood  from  tbe  neighboring  vascular  fields.  The  disorganiza- 
tion of  the  vessel-walls  he  thinks  also  unnecessary  for  the  production  of  infarc- 
tion, inasmuch  as  the  stagnation  suffices  of  itself,  just  as  in  venous  obstruction, 
to  explain  the  diapedesis.  Tbe  diapedesis  is  therefore  increased  whenever  in 
such  foci  the  blood  coagulates  in  the  efferent  veins. 

Von  Recklinghausen  considers  the  principal  cause  of  the  formation  of  a 
hsemorrhagio  in&rot  to  be  the  hyaline  thrombosis  of  the  capillarj-  vessels  of  the 
region  involved  by  the  embolism.  If  Bubse<juently  blood  from  neighboring 
vessels  entere  the  still  pervious  portions  of  the  implicated  territorj',  it  encounters 
resistance,  becomes  stagnant,  and  then  escapes  from  the  vessels.  According  to 
Klebs*  emboli  thrown  mto  the  circulation  of  the  lower  animals  cause  infarction 

•  Schu^ei^er  Arch.f.  Theirheilk.  28.  Bd.,  1886. 
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blood  rich  in  fenD«Dt  u  tlimTn  in  ftftcr  the  embcklaA,  or  else  iHwn 
ptovokbigeoftgnlBtioii  beeoaw  diif  ininited  throufrh  the  obstractin^ 

Oravitz  m  d  tlw  omnum  that  hsmorHiacic  infarcU  of  the  lunga  are  nerer 
to  b«  jurribed  to  vaacnW  obatraetioa  bjr  embolism,  but  rather  that  staenatioii 
aad  [NiliiKNia«7  isllASimfttion  are  to  be  re^^arded  as  ibe  «atise  of  the  nnDovw 
rbaftia  He  tuttherman  recarda  the  oew-fonDed  veHebeonsequeiit  upon  the  in- 
flammation a«  the  t— iifiiiT  aovroe  of  the  h«MnoiTh&^.  and  view?  the  ooagtUft 
in  the  piilrwwiary  artaiiaa^  not  aa  emboli,  but  n^  ihr<  >mbi  of  autochthonoiLs  origin. 

Aeecmlinc  to  tzy  own  riews,  whirh  arv  shared  bv  the  Kremt  majority  of 
natttoliijpaUt  than  u  no  rooni  to  doulft  thf  exiatenee  or  emb<3ic  pafanooaiy  in- 
urvU.  They  ean  only  oocor.  it  is  true,  vhen  there  is  a  tendency  to  sta^^ution 
IB  the  hmgft,  nad  thef«fore.  in  nnimalw  with  oniiDpaired  pulmonary  circnlation, 
tbey  are  not  to  be  proroked  by  the  introdueiion  of  ob^racting  particles  into 
the  pulm'mary  arteriK.  The  eaaentjal  ^aiise*^  of  the  eaeape  of  the  blftml  are  tol>e 
Coniui  in  the  ctagziation  of  the  bU>od  within  the  obstroeted  area,  and  in  the 
■aenMW  at  the  tisnea  a«i  well  as  of  the  voaaela  tbenselves.  This  hi«t  may  be 
poiAtively  leoogmzed  in  the  disappearance  of  the  nnelei  (Fig.  22.  a).  Secon- 
amrf  tftfonboMa  in  the  TSMeli  within  the  area  of  obKtmction  are  frequent,  and 
iiwr—ac  the  extent  of  stagnation  and  of  extnvasation :  they  are  not,  however, 
inrariably  present  at  the  tune  of  the  extravasation,  aud  are  therefore  not  esaen- 
tiai  to  the  oceurrence  of  the  haemorrhage.  Ha>morrhage8  also  occur  frequently 
in  the  Itmgs,  particularly  In  snbjecte  with  cardiar  dii«ease,  merely  a»  the  r^ult  of 
impeded  eircuiation ;  theee  are  not  always  inconaidenihle,  but  are  often*  indeed, 
extenaive,  and,  as  they  are  limited  to  a  circumscribed  area,  they  have  very  maeh 
the  ^pearanee  of  embolic  infarcts.  They  are  generally,  however,  less  shaiply 
define*!  and  less  (Imi,  so  that  they  are  for  the  most  part  easily  distingtushaore 
from  embolic  infarcts. 


VI.  Lymphorrhaffia. 

148,  Lymphorrhn^a  (x;cnrs  when  the  continiiitA'  of  a  1\'niphatic 
▼MM  beeomt'H  iiit^'mipt^il  at  a  certjiiu  point  and  the  lymph  ie>  {>oiLred 
ont  \uUt  the  Murrdiinding  [wrt^.  An  the  pressure  in  tht^  lyniplmtics  is  vei^ 
low — that  in,  in  not  greater  than  in  tht*  siUToundiDg  tissiut; — it  follows 
ihnt  lvMi|»h  can  be  poured  ont  fn)ni  n  l\Tiiphati(^  only  when  the  affected 
veiwel  lies  tm  tlie  external  Burtat'e,  or  when  a  uutiu-al  oaWtv  is  at  hand 
into  which  the  lymph  can  flow,  or  when,  by  the  same  cause  wEiich  effected 
the  brcwdi  in  the  l}inj>h-vcssel,  an  open  epot^e  wa8  fonned  in  the  tinsues. 
8o,  for  example,  in  wounds  we  may  »ee  lymph  cjii-apin^;  along  with  the 
blood,  but  the  oiittlow  is  checked  upon  the  least  resistance.  If  after  the 
wotniditig  of  u  lym|)liatic  vessel  the  aperture  persists,  so  tliat  there  is  a 
jM'rmatient  flitw  nf  lyrni>h  esrnpinjj:  fxternnlly  (a^  is  the  case  in  ulcci's")  nr 
int^»  one  of  the  cavities  of  the  body,  we  have  a  s<>-called  lymph-fistula, 
through  whic-h  coriKidcraMt'  quantities  of  Mnph  may  U'come  lost  Most 
important  and  ttls<»  Jiiost  dangerous  is  a  tUnMiou  of  tht-  tiurtufi  thorarirus^ 
obHer\-cd  sometimes  after  tniumatisrn,  and  occasionally  also  as  the  result 
of  obstruction  to  the  IvTniih-How  at  some  point  through  t'otn]tression  of  the 
dutrt  (after  in!lamn]ati<»n.  or  in  tho  course  of  the  development  of  tumors). 
Tlift  lymph  is  poured  out  into  the  thoracic  or  the  al>d<miinal  cavity,  and 
a  chyJoHs  hifdrofhoni-r  or  a  chtflomt  asriiejf  ensues. 

In  very  rare  cases  it  happens  that  the  urine,  as  it  comes  from  tho  bladder,  has 
the  appearanre  of  a  milk-white,  or  a  yellowish,  or,  through  the  admixture  of 
bloo^  a  reddish  fmulsion,  and  contains,  along  with  albumin,  large  quantities  of 
fat  MulxlividHc)  into  very  minute  globules.  The  phenomenon  is  conRcquentlv 
known  ai»  chyluria.     It*  occurs  endemically  in  certain  tropical  regions  (Bnixil, 
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India,  the  Antilles,  Zanzibar,  Kgnrpt).  where  it  is  caused  bv  a  parasite,  the 
FUaria  Banero/Uiy  which  inhabits  the  abdominal  lymph-Tessels  and  there  pro- 
duces its  embryos  {FUaria  sanguinis);  these,  during  the  repose  of  the  patient  in 
the  horixontal  posture,  swarm  in  great  numbers  in  the  blood  and  are  also  con- 
tained in  Ae  cnylous  urine.  The  connection  between  the  ohyluria  and  the  in- 
vasion of  the  lymph-vessels  by  the  Filaria  has  not  yet  been  satisfactorily  demon* 
strated  by  anatomical  investigationB ;  it  is  nevertheless  probable  that^  on  account 
of  the  obstruction  which  occurs  in  the  lympli-circulation,  chyle  escapes  from  the 
ruptured  Wmphatics  of  the  bladder  and  mingles  with  the  uiine,  so  that  the 
chyle-like  fluid  does  not  come  from  the  blood  and  through  the  kidneys  (Scheube, 
Gnmm) ;  and  in  corroboration  of  this  view  we  may  mention  the  facts,  first,  that 
upon  autopsv  the  abdominal  Ivmphatios  exlubit  marked  dilatation  (Havelburg), 
while  the  kidneys  are  but  slightly  altered,  and  second,  that,  according  to  an  ob- 
servation of  Havelbui^^s,  the  urme  coming  directly  h«m  uie  ureter  showed  no 
admixture  of  chyle,  alUiough  chyluria  was  present  at  the  time. 


SECTION  IV. 

Retrograde  Disturbances  of  Nutrition  and  Infiltra- 
tions of  the  Tissues. 


I.  On  Retrograde  Disturbances  of  Nutrition  and  Infiltrations  of  the 

Tissues  In  General. 

§  49.  Retrograde  disturbances  are  characterized  in  general  by  degeti- 
eration  of  the  affected  tissuej  often  with  diminution  in  its  size  as  a  whole  and 
disappearance  of  its  elements.  Accompanying  this  there  is  disturbance  of 
the  function  of  the  tissue. 

Infiltrations  of  the  tissues  are  characterized,  on  the  other  hand^  by 
a  deposit  in  them  of  pathological  substances  which  are  either  formed  in  the 
body  itself  or  have  been  introduced  into  it  from  without.  In  this  case, 
also,  the  function  of  the  tisstie  is  usually  interfered  tcith.  The  infiltration 
is  often  only  a  result  of  preceding  degenerative  changes,  or,  on  the 
other  hand,  it  may  itself  represent  the  principal  manifestation  of  this 
degeneration. 

Retrograde  disturbances  of  nutrition  may  affect  the  body  in  its  com- 
pletely developed  form  or  during  its  period  of  development  and  growth, 
and  in  either  case  they  lead  to  an  abnormal  smallness  of  the  affected 
organ  or  portion  of  the  body.  In  the  former  case  this  diminution  in  size 
depends  upon  disappearance  of  the  fundamental  elements  of  the  affected 
tissue,  and  is  designated  atrophy.  In  the  latter  case,  on  the  other  hand, 
it  depends  upon  an  imperfect  development  of  the  affected  organ,  shown 
by  a  more  or  less  rudimentary  condition  of  its  elements.  If  in  this  way 
an  organ  or  portion  of  an  organ  entirely  fails  of  development,  so  that  it 
is  either  completely  absent  or  at  most  only  a  mere  rudiment  of  it  is 
present,  the  condition  is  spoken  of  as  agenesia  or  aplasia.  Bxit  if  the 
affected  portion  of  the  body  is  only  moderately  below  the  norm  in  its  de- 
velopment, the  condition  is  spokeu  of  as  hypoplasia. 

The  causes  of  agenesia  and  of  hypoplasia  may  be  either  intrinsic 
or  extrinsic — that  is  to  say,  the  diminished  size  and  imperfect  formation 
of  the  organ  may  depend  ou  pathological  conditions  within  itself,  or  they 
may  be  the  result  of  the  action  of  injurious  external  influences.  The 
miudevelopment  may  further  affect  either  the  entire  body,  in  which  ease 
a  dwarf  results,  or  it  may  affect  a  jjortion  of  it  only,  giving  rise  then  to 
imperfect  formation  of  single  parts  or  organs. 

The  causes  of  degeneration  of  tissue  and  of  the  resulting  atrophy 
are  for  the  most  pa.'t  injurious  extrinsic  influences  to  which  the  tissue  is 
exposed  during  life,  and  yet  at  times  they  may  also  be  traced  to  intrinsic 
conditions.     This  latter  is  notably  the  case  with  the  tissues  during  old 
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age,  when  they  are  reaching  their  physiological  limit  and  are  gradually 
becoming  incapable  of  properly  nonrishing  and  preserving  themselves. 
In  many  tissues  a  similar  retrograde  change^  dependent  upon  intrinsic 
causes^  oocors  earlier  in  life,  as,  for  example,  physiologically  in  the  ovary 
and  in  the  thymus  gland. 

Among  the  extrinsic  harmful  influences  which  may  lead  to  degenera- 
tions nearly  all  those  should  be  mentioned  which  have  been  discussed  in 
Section  II.  Thus  an  important  part  is  played  by  disturbances  of  the  cir- 
culation, with  imperfect  transport  of  oxygen  and  nutriment  to  the  tis- 
sues, and  by  i>oisons.  Usually  degenerations  are  of  limited  extent,  so  that 
one  speaks  of  degenerations  of  special  tissues  or  of  particular  organs ; 
but,  on  the  other  hand,  disturbances  of  nutritioti  may  be  more  general  and 
the  entire  organism  may  suffer.  Thus  the  picture  of  a  general  disease 
may  be  produced  by  a  degenerative  or  atrophic  condition  of  the  blood, 
which  may  show  itself  either  by  diminution  of  the  red  blood-corpuscles 
or  of  their  hfemoglobin  content,  whereby  a  permanent  condition  of  gen- 
eral anaemia  or  Insufficient  blood-supply  is  induced,  the  nutrition  of 
the  tissue  being  correspondingly  impaired. 

Again,  as  the  result  of  an  insufScient  ingestion  of  food  or  of  disordered 
assimilation  on  the  one  hand,  and  of  excessive  waste  of  proteids  and  fats 
of  the  body  on  the  other,  there  may  result  a  condition  of  weakness  and 
malnutrition,  often  associated  with  aufemia,  leading  to  atrophy  of  the 
body  as  a  whole.  This  is  spoken  of  as  cachexia  or  marasmus.  If, 
under  these  circumstances,  it  appears  likely  that  certain  substances  are 
undergoing  formation  in  the  body  which,  when  taken  into  the  blood  and 
various  fluids,  act  as  impurities  and  alter  the  constitution  of  those  fluids, 
the  condition  is  spoken  of  as  one  of  dyscrasia. 


II.  Deatli. 

§  50.  All  life  comes  sooner  or  later  to  an  end — to  death.  When  this 
occurs  at  an  advanced  age,  without  preceding  well-defined  symptoms  of 
disease,  it  may  be  regarded  as  the  normal  termination  of  life,  and  is  to 
be  attributed,  at  least  in  part,  to  the  cessation  of  function  of  certain  of 
the  organs  necessary  to  the  continuance  of  life.  This  occurs  usually  as 
the  result  of  intrinsic  causes,  although  in  most  cases  it  is  impossible  to 
exclude  the  influence  of  extrinsic  conditions  in  bringing  about  the  cessa- 
tion of  function  of  the  organs  in  question. 

When  death  occurs  early  in  life — that  is  to  say,  at  an  age  earlier  than 
the  average  age  of  death  in  man — and  when  it  is  preceded  by  symptoms 
of  disease,  it  must  be  considered  abnormal.  Its  occurrence  under  tliese 
circimistances  is  for  the  most  part  referal>le  to  extrinsic  influences,  though 
it  may  occasionally  be  due  to  intrinsic  inherited  (conditions.  It  is  obvi- 
ously impossible  to  draw  any  shaq)  line  of  separation  between  what  may 
be  called  physiological  and  pathological  death. 

The  causes  of  pathological  death  are  those  which  have  been  discussed 
in  Section  II.  as  the  causes  of  disease. 

A  body  is  said  to  be  dead  all  of  whose  functions  have  forever  ceased. 
Death  is,  however,  inevitable  at  that  instant  when  one  or  more  of  the 
functions  imperatively  necessary  to  life  have  (teased,  although  it  is  not 
necessary  that  at  that  moment  all  functions  slmll  liave  ceased.  Indeed, 
after  life  is  irrevocably  lost,  many  organs  are  still  capable  of  performing 
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their  function,  and  it  is  only  after  a  little  time  that  all  the  organs  die. 
Thns  the  life  of  the  organism  passes  gradually,  by  the  progressive  cessa- 
tion of  the  functions  of  its  various  organs,  into  the  state  which  we  term 
death. 

The  discontinuance  of  the  functions  of  the  heart,  of  the  lungs,  and 
of  the  nervous  system  results  in  almost  immediate  death  of  the  entire 
organism.  Discontinuance  of  the  functions  of  the  intestine,  of  the  liver, 
and  of  the  kidneys  renders  life  impossible  after  a  certain  leng^  of  time, 
often  measured  by  days.  Destruction  of  the  organs  of  reproduction  in 
no  wise  endangei-s  either  the  health  or  the  life  of  the  affected  individual, 
and,  similarly,  one  or  more  of  the  organs  of  special  sense  may  be  spared. 

Death  is  usually  ine\'itable  after  cessation  of  respiration,  and  certain 
after  cessation  of  the  heart-beat.  With  discontinuance  of  breathing  it  is 
impossible  for  any  organ  to  continue  alive  longer  than  a  veiy  short  time. 
The  stoppage  of  the  heart  similarly  makes  impossible  any  further  nour- 
ishment of  the  tissues,  and  the  central  nervous  system  quickly  becomes 
unable  to  continue  the  performance  of  its  functions. 

After  death  the  body  may  present  considerable  diversity  of  appearance. 
The  distribution  of  the  blood  at  the  time  of  death  has  much  to  do  with 
the  aspect  of  its  visible  portions.  Thus  an  abundant  supply  of  blood  in 
the  skin  causes  it  to  have  a  bluish-red  color,  while  if  anaemic  it  is  pale. 
Furthermore,  disease  may  materially  alter  the  appearance  .of  the  exterior 
of  the  body. 

Sooner  or  later  after  death  certaiu  changes  occur  in  the  tissues  of  the 
body  which  may  be  regarded  as  unquestionable  signs  of  death.  In  the 
first  place,  the  temperature  of  the  body  falls,  so  that  after  a  variable  interval 
it  reaches  the  temperature  of  the  surrounding  air.  It  should,  however, 
be  borne  in  mind  that  the  temperature  at  times  does  not  begin  to  sink 
immediately  after  death,  but  first  rises  somewhat.  The  rapidity  of  the 
cooling  of  the  body  depends  partly  upon  the  character  of  the  body  itself 
and  partly  upon  the  nature  of  its  surroundings.  The  time  reqiiii'ed  may 
vary  from  one  to  twenty-four  hours. 

The  coldness  of  the  d€<id  is  spoken  of  as  algor  mortis. 

At  the  time  of  death  the  skin  is  usually  pale,  but  after  a  variable  period 
— from  six  to  twelve  hours,  or  even  less — bluish-red  blotches  appear  on 
the  dependent  portions  of  the  body.  These  are  designated  livores  mortis 
or  blotches  of  cadaveric  lividity^  and  depend  upon  the  accumulation  of  the 
blood  in  the  capillaries  and  veins  of  the  more  dependent  poitions  of  the 
skin.  They  are  not  observed  in  those  parts  of  the  body  subjected  to  pres- 
sure. Their  number  and  size  depend  upon  tlie  amount  of  blood  in  the 
skin  at  the  time  of  death.  Parts  which  liave  been  cyanotic  in  life  may 
retain  this  appearance  after  death ;  this  is  particularly  tlie  (;ase  with  the 
head,  the  fingers,  and  the  toes.  The  color  of  these  blotches  of  cadaveric 
lividity  is  for  the  most  part  bluish  red,  and  there  may  be  considerable 
difference  in  the  intensity  of  their  coloring.  In  cases  of  poisoning  by 
carbon  monoxide  it  is  bright  red. 

The  weight  of  the  body  causes  flattening  of  those  muscular  parts  of 
the  body  upon  which  it  rests. 

Sooner  or  later  there  occurs  a  cadaveric  stiffeniutf  of  the  muscles,  to 
which  the  term  riffor  mortis  is  ai)plied.  This  is  characterized  by  contrac- 
tion of  the  muscles,  which,  according  to  Bruecke  and  Kuehne,  is  depen- 
dent upon  tlie  coagulation  of  their  contractile  substance.  It  makes  its  ap- 
pearance usually  in  from  four  to  twelve  liours  after  death,  though  it  may 
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occur  almost  immediately  thereafter,  or  may  not  appear  until  twenty-four 
hours  have  elapsed.  It  usually  is  first  noticed  in  the  muscles  of  the  jaw, 
throat,  and  neck,  and  extends  from  them  to  the  trunk  and  extremities. 
After  from  twenty-four  to  forty-eight  hours  it  usually  disappears,  but 
may  occasionally  persist  for  several  days. 

This  rigor  mortis  affects  the  smooth  muscle-fibres  as  well  as  the  stri- 
ated. The  contraction  of  these  elements  in  the  skin  is  the  cause  of  the 
so-called  goose-fiesh  of  the  cadaver. 

Putrefaction  begins  somewhat  before  the  disappearance  of  rigor  mortis. 
It  is  evinced  by  its  peculiar  odor,  by  change  in  color  of  the  Bkin  and  of 
the  mucous  membranes,  and  by  change  in  the  consistence  of  the  tissues. 
Much  influence  upon  the  commencement  and  progress  of  putrefaction  is 
exerted  by  the  condition  of  nutrition  of  the  body,  by  the  nature  of  the 
disease  which  lias  preceded  death,  and  by  the  nature  of  the  surrounding 
medium,  especially  the  temperature.  Occasionally  putrefactive  changes 
occur  in  portions  of  the  body  which  are  dead  even  before  the  death  of 
the  entire  body  j  and  in  cases  in  which  putrefactive  bacteria  are  present 
in  the  body  at  the  time  of  death  putrefaction  may  begin  immediately 
thereafter. 

As  an  early  sign  of  putrefaction  there  is  usually  greenish  discolora- 
tion of  the  skin,  commonly  appearing  first  over  the  abdomen.  With  the 
progress  of  putrefaction  the  unpleasant  odor  and  discoloration  increase, 
and  gases  are  formed  in  the  intestine,  in  the  blood,  and  in  the  tissues, 
which  at  the  same  time  become  soft  and  friable. 

Shortly  after  death  the  cornea  becomes  lustreless  and  clouded,  the  eyeball 
loses  its  prominence,  and  dark  spots  after  a  time  develop  in  the  sclera.  These 
changes  in  the  eye  are  due  to  evaporation  and  putrefaction.  MHieu  the 
eyelids  are  not  closed  the  results  of  drying  are  very  emdent  in  thf  uncovered 
portions  of  the  eyeball.  Wherever  the  slan  has  lost  its  epidermis  the  ex- 
posed tissues  become  dried. 

Under  certain  circumstances  the  evidence  of  life  may  be  reduced  to  a  miu- 
imnm,  and  a  condition  of  apparent  death,  may  result  which  may  be  mistaken  for 
death.  Post-mortem  Uvidity,  rigor  mortis,  and  evidences  of  putrefaction  are  un- 
mistakable signs  of  death ;  but,  since  these  chants  do  not  appear  until  some 
time  after  death,  an  interval  is  left  during  which  it  may  occasionally  be  doubt- 
ful wliether  deatn  has  actually  taken  place  or  not.  To  ascertain  the  truth  with 
certainty  under  these  circumstances  it  miLst  be  determined  by  an  appropriate 
examination  whether  the  heart  still  beats,  whether  respiration  is  going  on, 
whether  the  blood  still  circulates,  and  whether  the  nerves  and  muscles  stUl  re- 
main irritable. 

This  condition  of  apparent  death  may  occQr  under  a  variety  of  circumstances, 
as,  for  example,  in  the  course  of  cholera,  in  catalepsy,  in  hysteria,  after  great 
bodily  exertion,  after  violent  concussion  of  the  nervous  system,  after  profuse 
hiemorrhage,  when  inspiration  is  suspended  as  the  result  of  strangulation,  hang- 
ing or  drowning,  in  certain  cases  of  poisoning,  in  hghtning-sti'oke,  after  pro- 
louged  exposure  to  cold,  etc.  The  duration  of  this  condition  is  usually  short, 
but  it  may  occasionally  persist  for  hours  or  even  days. 


III.  Necrosis. 

§  51.  By  necrosis  is  undei'stood  a  condition  of  local  death,  or  death  of 
single  cells  and  groups  of  cells.  As  the  result  of  necrosis  there  is  always 
a  cessation  of  the  functions  peculiar  to  the  affected  tissue. 
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It  is  only  occasionally  that  the  necrosis  of  a  cell-group  or  of  an  entire 
organ  makes  itself  at  once  evident  in  recognizable  changes  of  stmctmv ; 
that  is  to  say,  the  slight  histological  changes  which  the  cells  undergo  as 
the  result  of  their  death  do  not  permit  us  always  to  determine  with  cer- 
tainty the  moment  of  the  cessation  of  their  life,  nor  does  the  macroscopic 
appearance  of  the  visible  portions  of  the  body  inform  us  when  a  portion 
thereof  becomes  necrotic. 

Necrosis  of  a  tissue  is  therefore  evident  npon  anatomical  examination 
only  when  certain  changes  in  its  structure  have  occurred  either  coinri- 
dently  with  its  death  or  subsequently  thereto.  The  immediate  occurren<*e 
of  such  changes  is  met  with  occasionally  in  the  case  of  traumatism,  while 
the  changes  which  develop  later  always  make  their  appearance  after  the 
lapse  of  a  certain  length  of  time.  It  is  customary  to  ^sting^ish  several 
forms  of  necrosis,  according  to  the  nature  of  the  changes  whicli  take 
place. 

Histologically  necrosis  of  a  c^U  is  very  often  indicated  by  its  proto- 
plasm taking  on  a  homogeneous  appearance  and  by  disintegration  and 
disappearance  of  its  nucleus.  The  chromatin  of  the  latter — the  substance 
which  is  stained  by  the  nuclear  dyes — forms  small  masses  and  granules 
which  occasionally  leave  the  nucleus  and  get  into  the  cell-body,  where  they 
dissolve  and  disappear.  In  other  cases  the  nucleus  fii*st  loses  it«  power 
of  staining,  and  then  gradually  dissolves  and  disappears  (Fig.  23,  c),  so 
that  even  in  well  haixlened  and  stained  preparations  there  may  be  no 
ti'ace  whatever  of  the  nucleus.  Thus,  for  example,  in  those  portions  of 
the  spleen  or  kidney  whieli  have  been  rendered  ischtemic  by  the  cutting 
off  of  the  blood-supply  in  embolism  of  the  arteries  of  these  two  organs, 
the  nuclei  of  the  cells  of  the  spleen  and  of  the  kidney  epithelium  (Fig.  21,  r) 
are  very  soon  lost,  and  at  the  same  time  the  affected  tissues  assume  a  dis- 
tinctly pale,  cloudy,  yellowish-white  appearance,  which  makes  it  jwssible 
to  recognize  the  onset  of  necrosis  even  with  the  naked  eye. 


Fig.  23.— Necrosis  of  the  epi- 
thelium of  the  uriniferous  tubes  in 
a  case  of  icterus  eravis.  a,  Normal 
convoluted  tabule ;  b,  Ascending 
looped  tubule ;  c,  Convoluted  tubule 
with  necrotic  epithelium ;  d,  Con- 
voluted tubule  with  only  a  part  of 
its  epitheUum  necrotic;  e.  Stroma 
and  blood-vessels,  as  yet  imaltereil. 
(Preparation  hardened  in  Muller's 
fluid,  stained  with  gentian  violet, 
and  mounted  in  Canada  balsam. 
Magnified  300  diameters.) 


The  injuries  which  lead  to  death  of  limited  portions  of  the  body  may 
be  classed  in  three  groujKs.  The  fii*st  includes  those  which  destroy  the 
tissue  directly  through  mechanical  violence  or  through  the  action  of 
chemicals.  Thus,  for  example,  a  finger  may  l)e  crushed  by  violence, 
snlphnric  acid  may  destroy  a  portion  of  the  skin,  or  bacteria  may  cause 
the  destniction  of  glandular  tissue  in  which  they  develop.     The  second 
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group  of  injurious  influences  are  of  a  thermal  character.  Elevation 
of  the  temperature  of  a  tissue  for  any  length  of  time  to  54-68°  0.  results 
in  its  death.  Higher  temperatures  act  more  quickly.  Similarly,  exces- 
sive cold  can  be  borne  for  only  a  short  time  (cf.  §  5).  A  third  form  of 
uecrosiSf  characterized  as  ansmic  necrosis  or  as  local  asphyxia,  is  the 
result  of  discontinuance  of  the  supply  of  nourishment  and  oxygen  to 
the  tissues. 

In  addition  to  these,  many  authors  distinguish  as  a  special  group  those 
forms  of  necrosis  which  result  from  lesions  of  the  central  nervous  system 
or  of  the  peripheral  nerves,  and  which  may  be  designated  as  neuropathic 
necroses.  By  some  tliis  form  of  necrosis  is  believed  to  be  the  direct 
result  of  lesion  of  the  trophic  nerves,  while  by  otliers  it  is  attributed  to 
changes  in  the  circulation  and  to  the  effects  of  pressure  and  mechanical 
injur}'  of  aniesthetic  and  paralyzed  portions  of  the  body.  The  obser\'a- 
tions  thus  far  made  upon  man,  and  experiments  upon  animals,  indicate 
that,  at  all  events,  an  important  part  in  the  production  of  this  form  of 
necrosis  is  always  played  by  external  injuries  and  bv  disturbances  of  tlie 
circulation,  more  piarticularly  by  spasm  of  the  vessels. 

Again,  all  those  conditions  seriously  affecting  the  circulation  and 
leading  to  stoppage  of  the  blood-supply — such  as  ^rombosis,  embolism, 
closure  of  a  vessel  as  the  result  of  lasting  abnormal  contraction,  disease 
of  its  wall,  or  ligation,  pressure  on  the  tissue,  inflammation,  hemorrhage, 
etc. — may  result  in  necrosis  of  the  affected  part ;  nor  is  it  necessary  that 
the  disturbance  of  the  circulation  be  permanent,  since  a  comparatively 
transient  interference  with  the  blood-supply  may  be  followed  by  death  of 
tissue.  Whether  or  not  haemorrhage  occurs  in  such  cases,  as  was  stated 
in  §  47,  would  appear  to  be  immaterial  to  the  result,  influencing  only  the 
appearance  of  the  diseased  tissue.  Hamorrhagic  infarctimx  has  therefore 
precisely  the  same  significance  as  an  antemic  ftecrosis  combined  tnth  heem- 
orrhage. 

"When  death  of  a  tissue  supervenes  quickly  upon  the  infliction  of  an 
injur)-,  it  is  called  direct  necrosis ;  when  it  occurs  slowly,  and  is  pre- 
ceded by  degenerative  changes  in  the  tissue,  it  is  termed  indirect  necrosis 
or  necrobiosis. 

Mechanical,  chemical,  and  thermal  injuries  and  amemia  may  exert 
their  effect  coincidently  in  the  j>roduction  of  necrosis,  or  they  may  act 
separately,  one  after  the  other.  When  the  tissue  is  damaged  by  either 
of  the  three  injuries  first  uamed,  the  blood  itself  also  frequentlv  under- 
goes a  change,  which  terminates  in  stasis  and  coagulation  of  tliis  fluid 
in  the  capillaries,  as  well  as  in  the  veins  and  arteries ;  and  as  a  result  of 
this  the  circulation  is  arrested. 

Whether  or  not  any  given  injury  will  cause  necrosis  does  not  depend 
wholly  upon  its  nature  and  severity,  but  is  influenced  to  a  considerable 
degree  by  the  condition  of  the  affected  tissue  at  the  time  of  the  occurrence. 
Thus,  if  a  tissue  has  been  subjected  for  a  long  time  (o  the  depressing 
influence  of  an  impaired  circulation,  or  if  its  vitality  has  been  lowered  l>y 
marasmus  or  hydraemia  or  a  diseased  condition  of  the  blood,  it  dies  much 
more  easily  than  if  it  had  been  previously  healthy.  As  an  example  of 
this  may  be  cited  the  frequency  of  necrosis  after  comparatively  sliglit 
injuries,  more  particularly  of  the  extremities,  in  the  agtnl  and  in  those 
who  suffer  from  uncompens*»ted  valvular  lesions  of  tl»e  heart.  Fui-ther- 
niore.  disturbances  of  the  nerves  of  the  vessels,  in  so  far  as  they  lead  to 
impairment  of  the  circulation,  may  afford  a  predisposition  to  necrosis 


148  SENILE  AND  MARASMIC  NECROSES. 

In  the  prostration  incident  to  typhoid  fever,  comparatively  slight  pressure 
on  the  hip,  elbow,  sacrum,  or  heel  may  be  sufficient  to  bring  about  gan- 
grenous destruction  of  the  skin  and  of  the  subcutaneous  tissue.  These 
forms  are  known  as  senile  and  marasmlc  necroses,  or  as  marasmic 
Sant^rene  and  as  decubitus. 

The  structure  of  the  tissue,  its  position,  the  manner  of  its  death,  and 
the  causes  of  the  necrosis,  all  exert  a  determining  influence  upon  tlie 
course  of  the  necrosis,  that  is  to  say,  iipon  the  changes  in  the  tissue 
which  will  result  therefrom.  An  important  influence  is  also  exerted  by 
the  amount  of  blood  and  lymph  in  the  tissue,  and  by  the  opportunity  for 
access  of  the  air  and  of  the  ferments  of  putrefaction. 

Not  without  influence,  also,  are  alterations  in  the  tissue  which  may 
have  antedated  the  onset  of  necrosis — as,  for  example,  fatty  degenera- 
tion, inflammation,  haemorrhage,  etc.  Under  these  circumstances,  even 
when  the  progress  of  the  necrosis  is  simple  and  is  marked  by  compara- 
tively slight  histological  changes,  the  resulting  structural  changes  may 
be  very  complex.  The  varieties  of  necrosis  thus  induced  will  be  discussed 
in  succeeding  paragraphs. 

As  the  result  of  necrosis  there  is  always  inflammation  of  more  or  less 
intensity  in  the  surrounding  tissne  (cf.  Figs.  21  and  22),  and  it  is  most  in- 
tense when  processes  of  decomposition  set  up  in  the  necrotic  tissxies. 
Through  the  formation  of  a  zone  of  inflammation  the  necrotic  area  is 
shut  oflf  from  the  surrounding  tissue — is  isolated  and  sequestered; 
and  the  inflammation  is  accordingly  spoken  of  as  limiting  or  sequesteringj 
and  the  dead  tissue  thus  shut  off  is  termed  a  sequestrum.  A  detailed  de- 
scription of  these  inflammatory  processes  will  be  found  in  Section  VI. 

If  we  exclude  from  consideration  for  the  present  the  more  special 
complications  of  necrosis — as,  for  example,  the  development  of  specific 
irritating  materials — ^four  sequels  are  to  be  distingui^ed :  1.  The  dead 
tissue  may  be  completely  absorbed,  or  may  be  cast  off  from  a  surface,  and 
its  place  taken  by  newly  fortned  normal  tissue.  This  is  spoken  of  as  regen- 
eration, 2.  The  dead  tissue  is  similarly  removed,  but,  instead  of  the  nor- 
mal tissue  of  the  part  being  reproduced,  simple  connective  tissue,  the  so- 
called  cicatricial  tissue j  more  or  less  completely  supplies  the  defect.  3.  The 
dead  tissue  is  only  partially  absorbed  or  (^ast  off,  and  a  sequestrum  of 
necrotic  tissue  remains^  which  may  later  become  calcified,  and  which  is  in 
time  surrounded  by  a  dense  connective-tissue  capsule.  4.  There  is  cyst^ 
formation  at  the  site  of  the  neiTOsis,  resxilting  from  encapsulation  of  the 
dead  tissue  by  connective  tissue,  absorption  of  the  necrotic  mass,  and  sub- 
stitution for  it  of  a  liquid,  whicli  fills  the  space  within  the  capsule  and 
thus  forms  a  cyst.  This  result  of  ne<!rosis  is  most  often  met  with  in  the 
brain,  and  the  reader  is  referred,  for  further  details  regarding  it,  to  the 
chai)ter  on  Softening  ()f  the  Brain  [in  the  volume  devoted  to  special 
pathological  anatomy]. 

The  time  required  for  the  induction  of  necrosis  after  stoppage  of  the  circula- 
tion varies  with  the  different  tissues.  GangUon-cells,  renal  epithelium,  and  the 
epithelium  of  the  intestine  die  in  so  short  a  time  as  two  hours,  while  skin,  bone, 
and  connective  tissue  may  remain  aUve  for  twelve  hours  or  more.  In  general  it 
may  be  stated  that  all  tissues  performing  special  functions  die  much  sooner  than 
those,  such  as  connective  tissue,  which  have  only  themselves  to  sustain. 

The  cause  of  the  above- described  changes  in,  and  final  disappearance  of,  the 
nuclei  in  necrotic  areas  is  found  in  the  infiltration  of  the  necrotic  tissue  with 
lymph  from  the  surrounding  tissue ;  and  these  changes  are  consequently  absent 
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when,  for  any  reason,  the  circulatioir  of  the  lymph  in  the  diseased  organ  ia 
Htopptnl.  Putrefaction  is  also  a  pot«<ut  influi'ncv  in  indui'inff  a  rapid  (]i8int):'RTH- 
tion  and  disappeamuce  of  the  nuclei ;  but  Fr.  Knius  has  sbown  tnat  portions  of 
tissue  preserved  aseptieally  and  out  of  all  contact  with  bacteria,  in  moist  cham- 
bers at  the  bod V- temperature,  lose  their  nuelei  after  a  time.  The  tissue  of  the 
liver  most  quickly  shows  tiiia change  ((iolduianu),  while  it  may  not  appt^arin  the 
Bpleeu  and  kidney  until  much  lat-er,  and  all  nuclei  may  not  have  disappeared  even 
after  the  lapse  o^  from  eight  to  fourteen  days.  It  bas  been  found  by  Ooldmann 
that  the  disappettrauce  of  the  nuclei  o«?curs  onlv  in  the  pitsenee  of  a  consider- 
able degree  of  nioistnre,  and  may  be  prcTeuted  by  desiccation  of  the  tissne. 

§  *»2.  When  a  tissue  which  is  dead  or  ilyinff  contains  coa^ihible 
nintt'riiUs  Hn<l  the  necessary  fenuents,  coii^ilation  occurs,  provi<lcd  in» 
c«niditii»ns  arc  prewmt  that  may  pivvent  such  a^'tion  ;  and  the  t«rni  cobku- 
lation  necrosis  has  cousequ«»tly  Ix^en  applied  to  this  variety  of  uecrusis 
(Cohnheim,  Weigert).  »Siich  coagulatiou  may  oceur  iu  bqnids  in  which 
degenerating  ami  disintn'grating  ccIIh  afford  flit'  necessary  fcnnOTit,  and 
we  mnst  consequently  group  tirnong  the  coagulation  necroscK  the  rottfju- 
Itttion  of  the  l/loofl  dcscribe<l  in  §  39  and  the  ctnisequent  formation  of 
thrombi.  .\s  a  rule,  coagulation  occurs  particularly  in  timhiim  fn^m  the 
bhxid-vesscls  in  the  c(uii*sc  ttf  iuflaintuation.  Here  the  coagulated  njate- 
rial  ap|ieni*s  as  flftcks  or  as  a  false  membrniie,  when  tlie  iutlamed  tisstie 
is  a  mucous  membrane  (Fig.  24,  a)  or  a  serous  membrane,  or  as  granular 
or  tibrilluj*  masses  lying  iu  the  liquid  of  the  (jedcnnitons  tissue. 

In  intlammat<)ry  false  membranes  the  fibrin  may  be  present  as  fine 
grannies,  as  fibrils,  fi»  thii-kcr  fihri-s  forming  an  interlocking  framework, 
or  a^  homogeueons  niHsses. 


Fig.  24. 


Fig.  25. 
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Fjo.  24.  — CroapoQfl  membrane  fr*>m  the 
trachea,  a,  Transverse  section  of  the  membrane ; 
h.  Uppermost  layer  of  the  mucous  membrane, 
with  pus-ceUs,  (/,' scattered  throu|rhout  its  suh- 

Pta,nce;  c  Fibrin  threads  and  granules;  d,  I'lis-      _. ^-, 

cells.     (MagTiified  250  diameters.)  a  A        (&        & 

Fio.  25. — Waxy  degeneration  of  muscular  6bree,  from  a  c«8e  of  t>'phoid 
fever,  rt,  Normal  moscular  fibre ;  fr,  (»,  Degenerated  fibres,  which  have  broken 
down  into  separate  masses;  c,  o,  Colls  lyin^  inside  of  the  sarcolcmina;  dj  Con- 
nective tissue  infiltrated  with  cells.     (Magnified  2nO  iliameters.) 


A  seextnd  form  of  eoagulatiou  is  observed  when  <Und  ceUnlar  ntanftf^ 
lying  within  the  pHrcncliyma  of  the  b<Hly  become  infiUrutf^d  with  lymph  rrtn- 
tttinintj  fihriufMjin.     Under  these  nii-cumstjinces  the  cells  l>eeome  changed 
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into  fluely  granular  masfies  (Fig.  23,  r)  or  into  hyaline  bmlies  (Fig.  25,  ftj 
Fijr.  26,  //).  whil*i  at  the  ftanio  time  they  lose  th*>ir  imiOei.  Tliis  variety 
<.if  t'oagiilution  ueiTosis  is  mom  often  met  with  in  isffuftnic  inftttetirms  of 
the  kidney  (Fig.  21)  and  spleen,  already  desc'rii>ed  in  §  47,  in  whioh  the 
oelU  appear  a«  finely  granular  masses,  devoid  of  nuclei,  between  whieh — 
for  example,  in  the  liimina  of  the  lubulea,  in  the  ease  of  the  kidney — fibril- 
lar and  hyaline  masses  aiv  found.  It  oeeurs  also  in  many  toxie  and 
traumatic  uecn^)se.s  of  the  jflamlulHr  organs,  and  in  the  neerohls  of  nnisele- 
tisKue  which  results  from  tht-niud.  tranmatie.  or  ehfinical  injuries.  In 
U»e  last-mentioned  form  of  neer(»sis  the  mnselc  lo.m's  its  striations.  and 
its  eontraetile  substance  be<^omes  converted  into  shining,  homogeneous 
material,  whieh  may  later  l>e<*ome  bnikeu  into  iiTegtdar  hyaline  masses 
(Fig.  20,  h).  A  muscle  whieh  has  undergone  this  cliange  ap[>eaj's  of  a 
pale,  grayish-red  color,  similar  to  the  fiesh  of  fish,  and  is  moiv  ehmdy  and 
drier  than  normal.  Zenker  lias  applied  the  name  "waxy"  to  this  variety 
of  degeneration. 

Finally,  similar  processes  of  eongnlation  are  of  frequent  occun^ence  in 
cellular  iuflammatory  exudates,  in  which  the  cells  of  the  tissue,  as  well 
as  tlie  exuded  ingivdients  of  the  }>lo(>d,  undergo  eoagulatiou  into  irregu- 
lar granular  or  honufgiueous  nuLsse.s  devoid  of  nnclei.  As  the  n*sult  of 
this  process  eouHiilerabU-  masses  of  tissne  may  become  wliolly  devoid  of 
nuclei  (Fig.  26,  ft)  and  appear  granular  (cf.  Hectiou  VI.).  The  tissue 
which  has  thus  died  presents  a  grayish  or  vcllowish-white  appearance, 

which  may  be  brtiwner  if  it 
contains  altered  blood,  or 
somewhat  greenisli  if  puti-e- 
factive  changes  have  occurred. 
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Fig.  26.— Section  of  a  in-ula 
after  the  destruction  of  its  epi- 
thelial covering  by  diphtheria,  rt, 
Microt'oeei :  ft,Mu(M)URraembrau© 
wluL'h  is  inHhrat«d  and  broken 
il<.)wn  into  Heparste  masses ; 
c,  c.  Parts  infiltrated  with  small 
eells;  d,  Fibrinous  exndation; 
1*,  Blood-vessels ;  /,  Lymph -ves- 
seU  cont-aining  colls  and  fibri- 
nous iiiuteriul.  (Bisuiart'k-brown 
preparation.  ^THgTnfle^l  HM1  dia- 
uteter^.} 


Besides  the  cells,  the  interstitial  connective  tissue,  the  wtdls  of 
vessels,  hyaline  membranes,  et<^,  may  become  swollen  as  the  result  of 
imbibition  of  liquid,  and  irmy  then  coagulate  into  a  homogeneous 
mass;  and  at  the  same  lime  griinnhir,  flbrillatcd,  and  hyaline  pi-oducts 
<»f  coagulation  may  also  he  formed  in  the  spaces  between  the  fibres  of  a 
tissue. 


§  53.  The  term  cheesy  degeneration  is  npplied  in  pathology-  to  a 
<!bange  in  the  ti.ssue  as  the  rcsuU  t>j"  whieh  it  eomcs  to  have  the  gi-oss 
appearance  of  firm  chet'se  or  of  S(»ftcr  crciim-chcese.  Tliis  term  has  been 
chosen  Holely  because  of  the  gr<»sw  apjiearaiioe  <if  the  prf>dnct  of  the  degen- 
enitiou,  for  it  is  known  that  the  ]ir(H*csses  underlying  it  are  not  always 
the  same, 
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In  the  first  variety  of  cheesy  de^neration — that  wlii«h  results  iu  tlie 
formation  of  u  firmer,  drj',  rather  t^^nacious,  yellowish- white,  highly  re- 
fnu'tinj^  material— wo  have  to  do  with  a  special  form  of  coagulation 
necrosis,  whieli  owuit*  most  frequently  iu  tissues  rich  in  cells — as,  for 
exam[>Ie,  iu  tuberdihir  tissue,  in  some  very  oelhilar  tumors,  and  in  lung- 
tissue  iTirtltrat4Ml  l>y  tlu-  i>n>duet8  of  inflammation.  The  death  of  the  tis- 
sue nsually  takes  plaee  rather  slowly,  so  that  Uie  pnw'ess  has  perhaps 
more  the  (.'haraeter  of  a  gradiuilly  progressive  degeneration,  or  necrobi- 
osis, than  that  of  a  tnie  necrosis. 

Tisitue  H'hivh  has  Income  completely  cheesy  h  afwayx  (feivid  offmrhi.  It 
is  sometimes  Jindtf  (franulaVj  at  other  times  more  homoffetieous  and  shin- 
imj.  In  the  transition  of  a  tissue  into  tliese  cheesy  masses  the  fhauRfe 
takes  place  in  one  of  three  wiiys:  it  eitlu^r  aequires  a  more  Hud  more 
homogeneous  appearanee  and  finally  loses  its  nuelei;  or  irregula]-  small 
masses  of  hojuogeucous  nmterial  (Fi^^  27,  a)  form,  whieh  later  InM-onje 
conglomerated :  oi*,  finally,  there  is  a  disintegration  of  tlie  cflls,  as  the  re- 
sult of  which  granules  and  line  granular  lil>res  (fibrin)  tire  fonned,  wliieh 
then  hecoTue  agglomerated  into  a  deuso  homogeneous  mass.  Tliis  last 
moile  ijf  formation  is  observed  nu>re  partieularly  iu  eheesy  exudates  in 
the  lungs,  while  the  first  is  of  frequent  occiirrenee  iu  tissues  whioh  have 
unjjergone  hyperplasia  as  the  result  of  ehronie  inflammation  or  of  tviber- 
ele-formatiou  (Fig.  27).  Masses  whieh  werf*  originally  homogeneous  may 
become  granular  after  a  time,  as  the  result  of  further  changes  (Fig.  27,  a]. 


Pig.  27.— Tissue  from  a  focus  of  tuber- 
cular disease,  showing  bacilli  and  a  Umited 
area  of  oheesv  degonerution,  a.  Granular 
cheesy  material;  «i,  Cheesy  material  in  the 
form  of  small  separate  ag^egatious ;  b,  Fi- 
brocollular  tissue;  c,  Partly  necrotic  giant 
cell,  with  bacilli;  *f,  Cellular  tissue  iuvaded 
by  baeilli ;  e,  A  similar  invasion  in  tiswue 
that  is  necrotic;  /,  Bacilli  iucloseti  iu  i.-llv 
(Preparation  treated  with  fuchsin  and  ;iiii 
line  blue,  and  mounted  in  Oanadii  balsiim. 
Magnified  200  diameters.) 


In  the  xoftey  raricly  of  cheesy  matter,  which  is  rather  whiter  in  color, 
the  bulk  of  the  fiul>stauce  is  made  up  ot  fatty  and  atb^wiuotts  detrittis.  of 
granules^  of  of  irregularly  shaped  fraffmenis  of  liroken-dowu  tissue.  All 
(M'lts  or  traces  of  cells  have  disapiHsared.  This  sul)stance  owes  its  opacity 
and  light  colnr  t4>  its  large  ('(mteut  of  fat-droplets. 

The  two  vai*iettes  of  cIrm'sv  degeneration  whieh  are  distinguished  the 
one  by  its  firmer  and  the  other  by  its  S4»fter  product,  are  not  definitely 
separable  from  each  other:  indeed,  they  often  oceair  side  by  side,  and  it 
would  apjH'ar  that  the  (inrn-r  eheesy  matter  may  become  changed  through 
chemical  and  physical  influences  int4»  the  softer  vai^iety.  The  final  out- 
come of  cheesy  degeneration  is  either  softening,  li<piefn<'tiou.  and  absorp- 
tion, or  caleificAtion ;  but  when  cheesy  material  Ivecomes  shut  oflF  from 
tlie  surrouuding  tissues  by  the  formation  of  a  connective-tissue  capsule, 
it  often  remains  for  a  long  time  wthout  any  special  change. 

§  :A.  That  form  of  necrosis  which  terminates  in  liquefaction  of 
Ui«  tissues  (liquefaction  necrosis)  is  in  so  far  similar  to  coagulation 
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nocroeis  tlmt  hath  aivin  a  meHsiire  the  result  of  infiltration  of  the  dead 
tissues  by  liquids.  But  while  in  oun^nhitiou  iie(.'ix»si8  the  infiltrated  tift- 
8Ut'8  tjt^coine  stiffer,  in  li4juef»«'ti(ni  uermsiK  they  lu-enk  down  ttJid  liquefy. 
But  not  iniretiuently  this  liquefaetiou  is  either  prw^eded  or  followed  by 
eoafr»hition.  Thus,  for  example,  in  eoatrulation  of  Iiqui<ls  the  ft>rmation 
of  th*'  <*oii}|Cuhini  is  very  often  preceded  hy  the  disiutt'gfnitif>u  and  solution 
of  the  rontnined  cells,  and  tlien,  on  the  other  hand,  the  clot  iteelf  aft**r  a 
time  underm>es  ltt]Ui*faetion. 

If,  as  tJie  result  of  the  a<'tioji  of  heat  uj^kmi  the  nkin.  the  superficial 
epithelium  is  killed,  and  if  immediately  afterward  an  exudation  of  fiuid 
fritni  the  nei^hhonu^  papillary  ves8*?ls  takes  plaee.  the  c]iitheliuiii  wiver- 
in^C  thi-  points  of  tlie  papilla?  will  he<^ome  enormously  swollen  (Fig.  28.  rf). 
Then  at  a  later  stajje  the  protoplasm  r>f  the  eells  will  undergtt  liqiiefaetion, 
to  he  followed  hy  a  similar  breaking  down  of  their  membranous  envelope, 
until  finally  the  eells  disappear  entiivly. 


^^^^^^^m 
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Fio.  28.— Se^'tion  through  the  epidfnnal  »ind  napillary  portions  of  a  cat's 

Eaw,  a  short  lime  aft**r  it  lm<i  ht'^^n  hiimpd  with  fluid  sealin^f-wax.  o,  Horny 
lyer  of  the  epidfrmin;  /;,  Kete  inalpif^hii;  c,  Nortnal  ^jattUla  of  the  skin;  A^ 
Swollen  epithelial  ot']U,  the  nuclei  of  which  are  still  visible  at  a  few  points, 
while  at  others  they  have  entirely  disappeared:  f,  Epithehal  cells  lying  between 
tlie  pHpilla>,  the  upper  ones  beinf;  swolloa  and  elongated,  while  the  lower  still 
remain  in  a  normal  condition;  /,  Fibrinous  network  composed  of  epithelial 
cells  <brokcn  down  so  as  to  be  no  lorijrer  recognizable  as  such)  and  exudate: 
17,  An  interj>apillnr>*  mass  of  cells  wluch  have  become  swollen  and  have  lost 
their  nuclei ;  ft,  A  part  of  a  similar  mass  in  which  the  cells  have  been  entirely 
deslroyed ;  i,  A  papilla  that  has  been  flattened  by  pressure  and  that  is  infiltrate*! 
with  cells;  k.  Solidified  subepithelial  exudate.  {Carmine  preparation.  Mng- 
nilled  150  diameters.) 


Wlien  a  jwirtion  of  the  wall  of  the  stomaeh  is  deprived  of  its  eireuln- 
tioii  by  ]ilugging  of  the  vesseb*.  and  dies  in  eonseqnemv,  a  rapid  li<|U«*- 
factiou  of  the  dead  tissue  results  from  the  action  upon  it  of  the  gastric 
jtiioe. 

Tn  anaemic  ueertisiw  of  the  brain  the  various  histohj^rii'nl  elements  <»f 
the  braiu-substaneebei-onie  broken  up  into  smaller  and  Miinllerl'nq^int'nts, 
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sonio  of  whi(*Ii  an-  ii})sorlio<l,  wliUe  others  are  dissolved  in  tlio  lymph  iu- 
filtratiiifr  thi*  dt'utl  tiysnf,  ho  that  ultimately,  in  plaw  <»f  the  Imiiii-siih. 
Htancc.  thvrt.*  is  a  colln'tinu  of  ch'ar.  thin  liquid.  The  fnilun*  of  this  licpiid 
U>  fougtdate  pi'dhfihly  (lepoitis  up<in  Ihe  small  ront<*iit  ol*  the  hraiii-sub- 
stouoe  in  eifapnlalih-  material,  niul  tijM>u  the  al)st'uce  from  the  lyiupli  of 
any  eonsiderable  quantity  (►!'  tiltrim^pren.  A  similar  eonditiou  is  observed 
in  other  tissurs  also,  as  iu  tlir  heart,  where,  in  .softening  of  this  organ, 
the  musele-tilvres  tuiderjio  degeneratiou  and  lUsintegraticmT  and  are  finally 
etinipli-lely  litpiefied  in  tin*  lynipli  of  th(^  tissues.  But  in  this  ease  thert^ 
is  the  differi'uee  that  ei>a<fuluti<>n  of  the  muscle-substauce  at  times  precedes 
its  solution. 

In  ivtitntinmt'tons  trhirh  goon  to  snpimnifioti  there  is  invariahly  a  lique- 
faetiit!)  nf  the  tissues  of  (i^vat^T  or  li-ss  extent,  and  here  it  is  not  only  the 
cells,  rieh  in  pn^ttitplasm,  whieh  sueeumb,  but  lUso  the  eomiective-tissne 
fihri's.  ehistie  fibres,  nerves,  etc. 

Ill  int^aniniatiiHis  whieh  result  in  the  fonnation  of  eoajrulable  exudates 
and  whieh  fead  \o  enajri'hitioit  neerosis  nf  the  inlhimed  tissue,  the  eoa^u- 
lated  masses  as  a  rule  su>»sequently  undergo  li)|uefn<?(ir)n,  and,  similarly,  it 
is  a  common  occurrence  for  thrombi  t*»  hn-ak  ihjwn  and  htK'ome  liquefiwh 

§  00.  Necrosis  terminatinjc  in  mummification,  or  what  is  usually 
called  dry  gangrene,  (>c<'ui"s  chierty  in  parts  of  the  body  whieh  are  ex- 
trt)scd  Uy  tlie  air. 

Typiettl  examples  of  dry  ganp;rene  are  ifenih  nerrosis  of  the  exti-emities, 
more  particularly  of  the  toes  {Fig.  29)  an*I  feet,  and  yftmjrenfi  of  the  tx>ca 
nr  feet  as  the  result  itt  fttczimj.  In  tlie  first  of  tliese  Uie  necrosis  is  the 
i-esiUt  of  an  inipaire<l  eirj-iilatiou  (ef.  §  42,  Fig.  19)  wliii^h  is  partly  de- 
pendent upon  weakness  of  the  circulation  as  a  whole  and  partly  uiw>u 
loeal  ehaii^^es  in  the  bhw id- vessels.  The  neerosis  whicli  follows  freezing 
is.  on  the  other  hnnd.  (he  direct  result  of  the  excessive  cooling  of  the 
tissues. 


Fro.  29. —  l*ry  ^Htitrrt'iw  of  the  toe«,  eantju'd  by  narrowing  and  clo«ure  of  the 
arteries  whieh  supply  tliese  i>»rt8— arterios^derosfs. 

Sinee  iu  botli  tlie  senile  p-an^nvne.  at  the  time  when  the  part  is  actu- 
ally dead,  and  in  that  which  i*esult>;  from  exposure  to  cold  the  tis,sucs  are 
apt  Ut  V  eongested,  and  sinee  there  is  diffusion  of  the  blnod-pigrnieiit 
thnni^hout  them,  the  affeeted  parts  come  to  have  a  reddish-black  app>ear- 
ance,  sometimes  spoketi  of  as  hlark  tjnnifrt^nt\  At  the  same  time  dosicea- 
tiiui  ocx'urs,  prc»^*essinf^  with  ^*eater  ra[>idity  iu  cases  in  whieh  the  epi- 
dermis has  been  lost,  as  oceurs  fre^jueutly  in  intense  conp^stion  and  after 
fivezing  of  a  part.    The  tissues,  as  the  diying  pi-ogresses,  at  first  become 
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simply  leather^'-,  but  later  they  become  hard  and  friable  and  black.  Micro- 
scopical examination  shows  the  tissues  to  be  much  shrunken  and  the  cells 
for  the  most  part  destroyed. 

When  an  extremity  is  ansemic  at  the  time  of  its  death,  and  when  for 
any  reason  it  does  not  later  become  penetrated  by  the  blood,  it  remains 
pale,  and  is  then  said  to  be  in  a  condition  of  white  gangrene. 

hi  the  changes  which  occur  in  the  stump  of  the  umbilical  cord  in  the 
new-bom  we  have  a  physiological  example  of  dry  gangrene.  The  gan- 
grenous tissue  becomes  separated  from  the  neighboring  healthy  tissue  by 
a  zone  of  inflammation,  spoken  of  as  the  line  of  demarcation.  Dry  gan- 
grene may  sometimes  develop  out  of  moist  gangrene  as  the  result  of 
desiccation. 

The  terms  moist  gangrene  and  sphacelus  are  applied  to  necrotic  Hssves 
which  have  undergone  decomposition  and  putrefaction.  When  the  micro- 
oi^nisms  of  putrefaction  gain  access  to  dead  tissues,  either  directly  from 
the  air  (as  in  necrosis  of  the  skin  or  of  the  lung)  or  through  the  circula- 
tion (as  may  occur  in  the  case  of  a  necrotic  testicle  or  foot),  and  when  the 
dead  tissues  are  saturated  with  blood  or  with  lymph,  they  quickly  begin 
to  decompose.  An  exposed  part  which  is  well  supplied  wiUi  blood — the 
foot,  for  example — becomes  of  a  dark  blue-black  color  as  the  result  of 
diffusion  through  it  of  the  blood-pigment  Bidlffi  frequently  form  in  the 
epidermis.  When  the  gangrene  is  confined  to  the  skin,  the  gangrenous 
tissue  is  warm  to  the  touch,  particularly  when  there  is  much  inflamma- 
tion in  its  neighborhood  j  and  hence  the  name  hot  gangrene  has  been 
applied  to  this  variety.  When  in  addition  to  the  skin  the  deeper  tissues 
are  affected,  so  that  the  circulation  in  the  dead  tissue  is  quite  stopped,  the 
extremity  is  cool,  and  there  is  said  to  be  cold  gangrene  or  sphacelus. 

Tissues  affected  with  moist  gangrene  and  undergoing  decomposition 
early  give  off  a  disagreeable  odor  and  begin  to  disintegrate.  Very  trivial 
mechanical  injuries  are  at  times  sufficient  to  cause  loss  of  substance. 
The  tissue  is  discolored,  saturated  with  bloody  liquid,  very  friable,  and 
at  times  like  tinder.  Hand  in  hand  with  the  changes  which  have  been 
mentioned  above,  and  which  are  easily  recognizable  by  the  unaided  eye, 
decided  chemical  changes  are  going  on  in  the  tissues,  changes  which  tend 
to  their  ultimate  destruction.  Under  these  circumstances  gases  not  in- 
frequently form  and  give  rise  to  what  is  called  gangrenous  emphysema. 
Whether  this  destruction  of  the  tissue  shall  progress  slowly  or  rapidly  de- 
pends chiefly  upon  the  nature  of  the  affected  tissue  and  upon  the  rapidity 
of  the  decomposition  going  on  in  it.  Bones  usually  maintain  their  form 
for  a  long  time  in  the  midst  of  a  focus  of  gangrene,  while  the  soft  parts 
disintegrate  very  rapidly. 

The  microscope  always  reveals  the  presence  of  bacteria  in  tissues 
affected  by  this  lesion  (cf.  the  section  on  Schizomycetes).  The  blood-cor- 
puscles disappear  early,  becoming  liquefied  or  disintegrating  into  granu- 
lar masses  of  blood-pigment.  The  cells  of  the  tissue  become  cloudy,  lose 
their  nuclei,  break  down,  and  become  liquefied.  Muscle-fibres  lose  their 
striations  and  break  up  into  small  homogeneous  masses.  The  medullarj- 
sheath  of  nerve-fibres  coagulates  into  drops.  Fat-cells  disintegrate,  and 
their  contained  fat  is  disseminated  throughout  the  gangrenous  mass  in 
the  form  of  small  dro]>lets.  Connective-tissue  fibres  swell,  become  cloudy, 
lose  their  sharp  contour,  and  gradually  undergo  solution.  Tendons  and 
cartilage  resist  for  a  long  time,  but  eventually  succumb  to  the  same 
changes.     In  general  it  may  be  said  that  in  gangrene  there  is  a  gradual 


MICBOSCOPIC  CHANGES  IK  GANGRENE. 


155 


solution  of  the  solid  elements  of  the  tissues,  as  the  result  of  which  there 
is  formed  a  dirty-gray,  grayish-black,  or  grayish-yellow,  opaque,  more  or 
less  liquid  mass,  mixed  widi  remnants  of  the  destroyed  tissue.  There  is, 
accordingly,  a  progressive  disappearance  of  all  the  normal  ingredients  of 
the  tissue,  and  a  gradual  development  of  formed  crystalline  elements,  the 
product  of  the  various  chemical  changes.  Thus,  for  example,  there  may 
be  found  in  gangrenous  tissue  fat-needles,  the  so-called  margarin  cr>*s- 
tals,  fine  acicnlar  crystals  of  tyrosin,  globules  of  leuein,  rhombic  plates 
of  triple  phosphate,  black  and  brown  masses  of  pigment,  and  crystals  of 
heematoidin. 

Fig.  30.  Pig.  31. 


Pig.  30.— Skeleton  of  a  female  dwarf,  thirty-one  years  of  age,  118  centime- 
tres in  height,  an  idiot,  and  possessing  a  klinocephalic  skull.  AJl  the  disks  of 
cartilage  at  the  diaphyses  of  the  long  bones  and  pelvic  bones  are  still  present ; 
so  also  is  the  frontal  suture.  The  individual  parts  of  the  skeleton  are,  in  the 
main,  correctly  related  to  one  another,  the  upper  extremities  alone  being  relatively 
somewhat  short. 

Fig.  31, — Skeleton  of  a  female  dwarf,  fifty-eight  years  of  age,  117  centimetres 
in  height,  and  with  a  long  trunk  and  very  short  arm-  and  leg-bones.  The  disks 
of  cartilage  are  still  present ;  the  articular  ends  of  the  bones  are  thick. 
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Moiildt;  limy  also  ovc^oually  develop  ou  gaugi'enoufl  tissue  whidi  is 
exposed  to  the  air. 

Putrrfaotion,  ami  (rotise-qutritly  alxo  dranirreiif,  can  <mly  occur  throuph  the 
activity  <)f  inicro-organiwms,  and  for  these  ;i  (.'ortain  coiilent  af  water  is  iieo^ssorj-. 
According:! y,  if  the  tissues  becoint*  dry.  the  develujinient  of  the  genus  of  putre- 
faction must  coai*e,  or  at  oil  events  become  p^reatly  delayed,  and  a  similar  delay  in 
the  pnicess  of  disintegration  results.     The  chemical  oud-products  of  the  (;an- 

frenous  destruction  of  animal  tismues  are  c^rbohydrateSf  aniiiHHiium  sulphide, 
ydrogen  suipliide,  valerianic  avid,  butyric  acid,  etc.,  and,  QBally,  carbomc  acid, 
ammonia,  and  water. 


IV.   Hypoplasia,  Agenesia,  and  Atrophy. 


§  56.  Hypoplasia,  or  ili-fertive  dovelcipnifiit,  inay  niXcH  t\w  entire 
body  or  <>uly  organs  or  ]>urt8  of  organs,  Hiid  may  oerur  either  dm-iug  the 
jH-riud  of  iutnmteriue  development  or  after  birth,  duriug  the  (>eriod  of 
gi-owth. 

When  the  entire  skeleton  or  a  veiy  eoiiwith^iiiljle  part  of  it  underiafoea 
maldeveJo]nneut,  so  that  the  bones  are  iiiueh  shorter  than  nnrmal  n)inor- 
lually  sinail  indindiiahs  rvsnlt,  c-alUd  flirurfs  (Fi^s.  ;J<J  and  31 ),  who!.e  parts 
may  be  either  t*aij-ly  well  proportioned  (Fig.  30)  or  else  unsyinuietrically 
developed  (Fig.  31).  In  tlie  latter  figure  may  Ije  seen  an  example  <it'  a 
dwai-f  wlio.se  trunk  was  uf  nearly  tlie  uoi-nnd  size,  while  the  exfrn-mities 
were  abu(^rnl^^lly  small.  Again,  the  body  and  extremities  may  be  abnor- 
midly  ^Jnlall,  while  the  head  develops  to  abont  the  normal  size,  being  then 
out  of  all  proportion  to  the  Wiy.  When  the  maldevelopment  is  eoiilined 
to  a  single  part  of  the  skeleton,  or  is  here  mueh  more  marked  than  else- 
where, a  rndimentjiry  eondition  of  that  jmrt  results.  Thus,  na  the  result 
of  mahlevelopment  of  tlm  eraiiium,  eomhtions  of  mirriM-efJtfthts  (Fij;.  32) 
and  ntin'Phn'pfuihis  (Fig.  33)  are  induced  :  as  the  result  of  maldeveloptnent 
of  the  humerus  or  of  the  bones  of  the  hand  we  may  have  shortening  of 
the  upper  arm  or  of  the  hand  re.^peetively ;  and,  simil«rly,  maldevelop- 
UR'Ut  of  the  peh'ie  lM_»ues  of  one  side  mav  lead  to  ativmmelry  of  the  pel- 
vis {Fig.  34). 


Fiir.  32. 


Fig.  33. 


^^ 


Fio.  32.~Head  of  Helene  Becker 
(inicroeenlmlic),  at  the  a^e  of  five 
vears.  (Frnm  n  plintofn^ph  taken 
hv  A.  Eekerin  iSfiS. ) 

'Fro.  33.— Hniin  of  Helene  Becker 
(microcepliftlic},  who  died  at  the 
ajre  of  eiKht  vears.  (From  von 
BischoiT.)  This  brain  weig-lied  219 
^rainnH*tt  (ingtead  of  1377  grammes, 
an  Vierurdt  claims  that  it  uhuulil}. 
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Among  thf*  soi»arate  organs  tlif  fiMitml  norvons  system  and  the  gen- 
ito-uriimiy  system  siifft-r  jxTliajis  iiu^st  fivqiicntly  from  malii<'v<'lit|>mi'iit. 
(Figs.  33  anil  35),  tliough  the  iiitrstiiie,  hi-art,  hinprs.  and  Uvt^r  by  ihi  nu'jins 
est-^ape.  lu  Fig.  33  wv  have  seen  an  ^'Xtlnl[lie  of  Hlumrimil  i^iiiulUiess  ami 
retaifJinl  development  ot  the  wh(»lc  liraiii ;  hut  tliere  mv  alsu  euses  in  wliieh 
one  hemispJiere  alone  suffers  (Fig.  35),  either  whftlly  ov  in  part.  A  part 
of  tlie  intestine  may  he  so  iinpej-fei'tly  devi'loped  as  to  fftrai  only  a  small 
and  qnit^.^  useless  eaiial  (Fig.  37,  fJ)  or  to  he  merely  a  small  solid  4-onl 
{Pig.  37,  e}.    The  uterus  not  infrequently  renmius  iu  an  undeveloped  state 
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Fio.  34, — H^TJOplasia  of  tlu-  os  iiini>tuiniitum  of  the  left  side,  resiiltincr  fi'nra 
coxitis  which,  from  the  period  of  chiMUoudj  had  prevented  the  use  of  the  left 
leg.     {The  rednctlon  in  size  ainouutg  to  a  httle  more  than  one  half.) 

(Pig.  36),  and  (►eR(u;ionally  the  entire  group  of  female  generative  organs, 
ImUTi  intermd  ami  extetiial,  may  remain  at  the  time  of  puberty  in  the  un- 
dcveloiK'd  eriiidition  of  ayoinig  child.  Among  the  organs  (tf  the  urinary 
8\*stem  a  nmre  or  Ihss  eomjili'te  maldevelopment  of  thr  kidnry  is  ni>t  un- 
common, hi  tin-  development  of  the  respiratoiy  trjwl  the  alvL'oli  wi  one 
tjortion  of  the  lungs  may  fail  to  devebtp,  as  thr  result  of  wliieh  a  whole 
obe  or  a  jiart  of  h  hibc  nuiv  he  made  up  entirely  of  eouueetivr  tissue  and 
dilated  hronohi  (Fig.  38}. 

Thft  ahove-nn-utioned  examples  of  hypoplasia,  to  wbieh  many  others 
might  be  added,  are  all  due  either  to  eauses  operating  witliin  the  develop- 
iug  foetal  oi^anism  it.self.  in  whieh  ease  tliey  may  be  said  to  be  inhenti-d, 
or  to  external  deleterious  iuHuenees  working  ujkju  normal  tissues  during 
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nutrition  (rachitis),  disnse  (Fig.  iU),  and  inflammation.  When  portions 
of  the  body  or  sinplo  orpins  fnil  of  all  *levelopmeut,  the  condition  ia 
spoken  of  as  agenesia.  Tlii«  de- 
pends upon  an  entire  fHilure  of 
development  of  the  part  in  tpies- 
tion  fr*nn  the  verj'  Ht«rt*  or  upon 
a  total  destruction  of  the  part 
after  it  ha8  befnm  to  devehtp  (cf. 
the  section  on  AlHlfurinations). 


/, 
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Pig.  37.— Hypdplnaia  of  the  small 
intt'Htine  of  a  new-txim  rbild.  «,  A 
miioh-thlnted  portion ;  6,  c,  rf,  e.  Por- 
tions that  are  much  narrowed  and 
wasted ;  f^  Normally  developed  Kinall 
intestine.  (Five-8eveuthu  uaturul 
size.) 

The  tisHiie  4.'ompOHinff  hypoplastic  orprans  or  parts  of  orpans  is  at 
times  nonnnl  in  sti-uetiire ;  hut  there  is  often  assoeiated  with  the  abnor- 
mal sniallness  of  the  orfjan  ati  iminrfect  ofgaHizution  of  its  iuhyniJ  par/Sy 
with  failui'e  of  development  of  some  of  its  more  highly  speeiaHzed  ele- 
ments, so  that  assoeiated  with  a  hypophusia  <jf  the  entire  organ  there  may 
be  agenenia  of  some  of  its  elements.  Thus  in  hypoplasia  of  the  ovary  the 
foraiation  of  ova  may  fail  in  part;  in  hypoplasia  of  the  brain  there  may 
at  the  same  time  W.  a  faulty  development  of  the  ganglion-eells  and  neii'C- 
fibres,  and  at  times  portions  of  the  bmiu  may  be  represented  by  merely 
membranous  masses  {Fig.  35,  rf),  in  whieh  ganglion-cells  are  entirely 
absent;  and  in  h\'7ioplasia  of  the  lung  (Fig.  88)  there  may  oecasionally 
be  eoifiph'te  failure  of  development  of  the  alveoli,  the  hmg-tissue  then 
consisting  eliiettv  f»f  i-ather  vascular  connective  tissue  in  which  bronchi, 
usnaJIv  dilated,  lie. 


^^^ 
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Fm.  38.— AffencsiB  of  the  respiratory  paTeach\Tiia  of  the  left  lung.  The 
limg  consists  of  dense  connective  tissue  in  the  mi<lRt  of  which  dilate  brom-hi 
are  found.  (Uorizontal  section  through  the  apex  of  the  upper  lobe.  Natural 
tiiz«.) 


§  57.  Atrophy  is  diminution  in  size  of  an  organ  as  the  result  of  dimi- 
nution in  size  and  disappeai*ance  of  its  elements.  It  may  f»cenr  at  any 
period  of  life,  and  is,  in  fart,  a  very  frequent  I'esiilt  of  many  different 
pathoh>gi<'al  processes.  Within  certain  limits  it  may  be  regarded  as  a 
physiological  provesn,  since  in  advanced  age  a  retrognide  r'liang<'  in  all  the 
organs  is  of  constant  occiurence  and  is  alwavs  associated  with  more  or 
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l<*ss  (liininution  in  their  size.  A  few  of  the  organs  suffet"  a  similar  change 
ev<ni  Ijffore  nld  age — jis,  for  cxaninh',  tho  tliynius,  whi<'li  Ik^coiups  foin- 
pletely  atrophied  even  before*  the  iMiniplrtinn  nf  the  ]H'niKl  af  n(io]e»or*n<*e. 
and  the  uvaiy,  a  part  only  of  whose  ova  mr  (iiM-litii-jjed  (hmiijj;  Iht*  period 
of  sexual  aotivity,  tlie  remuiuder  undergoing  atrophy.  In  tlie  atro])hy  of 
old  age  the  lytnphadenoiil  tissiU'S,  the  inu^eh^s,  and  tlie  ImneK  HiitTer  irinst 
as  a  nile,  though  there  is  iiuit'.li  differeiiee  in  this  ivgard  in  diftVrent  in- 
dividuals, tlie  hrain.or  the  glands  of  some  of  them  nudrrgoing  the  i-arliust 
and  most  nii)id  change. 

Tlic  most  sU'iking  evidence  of  atrophy  of  an  organ  is  its  diminution 
in  size.    When  the  muscles  atrophy  (Fig.  39)  the  uffeetod  portions  of  tlie 

bo<ly  lieeoine  smaller :  am]  in  east's  of 
extensive  atrophy  of  tlie  museles  of  the 
extremities  the  impression  is  given  as  if 
nothing  intervened  between  the  skin  and 
the  lx)ues.  When  tlie  atrophy  of  an  <h-- 
gan  giH'S  oi»  syiuinetrii-aily  in  ail  its  pai-ts 
its  normal  shape  may  be  presk^^»'ved.  But 
it  (ffteii  progresses  nmre  rai)iuK-  in  one 
part  tlinii  in  another,  in  whieh  ea.vgreai 
asymnii'h-y  of  the  organ  may  ivsnit,  thei* 
being  often  deep  pit^s  upon  its  snri'uee 
(Kig.  41)  and  eieatrieiul  eontraetioin* 
(Fig.  44),  so  tJnit  the  affected  organ — tor 
I'xample,  liver  or  kidney — may  present  » 
kiiobiii'd  ov  gninnlar  surface.  In  eases 
ill  whii'h  (lie  tissues  uinlergoing atrophy 
an-  til  any  way  ]>revented  from  eontrai't- 
iiig,  MS  is  the  ease  in  bones  and  in  the 
lung,  the  outwanl  foriu  of  the  organ  is 
pn;served.  In  the  ease  of  bone,  however, 
the  Haversian  eanals  iind  the  medullary 
cavity  become  enhirgi-d,  ami  a  I'ondi- 
tion  results  which  is  designated  esveutnc 
titrf'phf/  or  osfenpofosh  (Fig.  4tJj.  In  the 
lungs  [lit"  idvetdi  bei'<»nie  united  into 
Inrge  air-sjiaees  iis  tin-  result  of  disap- 
pi'jinmee  of  the  intervening  alveolar 
walls. 

When   atrophy    affects   glands   and 
mus<'les  theiv  is  often  a  change  in  their 
cohir.  though  this  is  of  but  sernuidorj' 
importance,  depending  either  ui.H>n  an 
vuKsital  flisliutfH'ss  of  thf  jiitjiiuuf  of  the 
disa])]jearance  of  jmrt.s  or<linarily  ovt-r- 
shadowing  it,  or  upon  the  (hp^sit  of  pUjutn^i  in  the  ntntphrni  tisi^-ut,  <»r, 
ftnally,  npim  a  chnnged  blood-content  of  the  atrophii'd  tissue. 

The  riimittutioti  hi  size  of  (ttrophir  nrijnus  is  flu  rt.sulf  of  diminution  in 
idzf  and  dimpprurnnn-  of  the  sfrurtunil  ffnttfufs  of  tfn'  fissmn  roniposimj  thtii. 
In  the  majority  of  tlie  organs — more  pnrticuhirly  glandular  organs,  mus- 
cle, and  bnne-^the  niort*  highly  speciali/cd  portions  suffer,  in  nndi-rg<»ing 
atrophy,  to  a  much  greater  extent  than  the  roiini'ctivtMissue  fmni+^work 
which  supports  them.    Indeed,  it  is  not  uncommon  to  Ibid  this  latter  lis- 


FlO.  39. — Juvenile  musrular 
atrophy.  (Case  observed  hy  do 
Suusa.) 

affected  organ  beeause  of  the 
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^e  quite  hitnct,  or  even  increased  in  amonnt,  iit  an  organ  from  which 
nil  tho  nioi-e  hitrhly  <hffer«'ntiato<l  pjirencliyiria  ban  tlisappcnrj'il.  Thus  in 
iitixiphii'  niusi.']i'-tis8Uf  (Fig.  42)  the  contra*.'t.ile  suhslanco  williin  thf-  sjjr- 
eoleramji  ti-eqnently  disappi'ai's  eutu'ely  without  the  oceiuTence  of  any 
Udlici'uhh*  ftt.roph}'  in  the  conmvtive  tiKsiio  hotwoto»  the  niusole-lamdles, 
the  nudei  of  whieh  may  be  actuallj'  iuei*eased  in  muuber  (Fip.  42,  ci). 


6^  ^^X 
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FiQ.  42.— Section  of  an  atrophied  muscle,  from  a  case  of  proffrossive  mus- 
cular atrophy,  a,  a,  Norawil  musi'ular  fibres;  bj  Atrophic  muscular  ttbres; 
c,  PeriTnyftiiiiii  nitenitmi,  the  iiiu'lei  uf  wliji-h,  at,  r,,  sefiii  to  lie  iiicreaiwd  in 
number.  (Prej)urati<m  Htaint^d  witli  Risman;k-lirown  and  mounted  in  Tanada 
baltwm.     Magnified  200  diauietersO 


In  atiMphy  nf  the  kidney  the  epillielial  eells  of  the  iirinaiy  ttibules 
(Fi;.'.  4*1,  /)  hceoinc  smaller  and  finialler,  and  idtitnntely  disappear,  the 
tubules  tlit-n  niidervoiu^  foiuplote  eollapse.  A  siniilar  cliau^e  orcuix  in 
the  epithelium  of  th*'  glouu-ruli,  the  eajiillaries  of  which  disapjH'ar. 

The  same  thiii):?  oeeurs  in  simple  atrophy  of  tlie  liver^  in  which  the 
iMitire  pai*i*nehyma  of  a  Ittbe  may  disa|tpear  with<uit  any  considerable 
diminution  in  the  amount  of  its  eonuective-t issue  stroriin.     Similarly  the 

gaUjifliim-^'i'IlH  of  ihe  l>rain 
and  of  the  spinal  eonl  may 
atrophy  wi1hf>nt  any  dinuiiu- 
tiou  in  the  nfuroi^rlia,  wliieh 
is  often  actually  iucreasetl  in 
amount. 

Fio.  43.— Senile  atrophy  of 
the  kidney,  n,  it^  Normal  urmif- 
erous  tubules;  6,  Nornml  glo- 
merulus ;  c,  Stroma^  with  blood- 
VDsmjli* ;  d.  Atrophic  plonierulus; 
e.  Small  ailen.*,  with  somewhat 
tliit'kfuied  intima;  /,  Atrophied 
ami  L'oUnpsed  uriniferdus  tu- 
bules. (Pr»?i)aration  liardeneil 
in  alcohol,  stained  with  alum 
carmine.and  mounted  in  Canada 
balsam.  Miiiruified  200  diani- 
ett-rn.) 

In  atrophy  of  bone  it  is  the  true  bone-lissue  which  becomes  diminished 
in  lunouul,  ami  in  exeeutric  boue-atrophy  and  osteoporosis  tlie  marrow 
is  materially  increased.  In  some  cjkses.  however,  the  fat  of  the  mairow 
may  aJsn  ilisappear,  leaving  .spae<*«  which  then  iM-citme  filled  with  liquid. 
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In  atrophy  of  lymphatic  tissue  and  of  the  spleeu  it  is  more  particu- 
larly the  free  cell*  whidi  umiergo  diniiuution  and  in  parts  completely 
disappear. 

The  ehanjifo  iu  an  or(<an  vfsultiug  iu  it.s  atrtipliy  mny  ooeur  without 
any  appreciable  rhang^e  in  the  stnicture  of  its  component  parts  (Fig.  42), 
tlie  utrophy  being  the  ivsnlt  of  a  simple  diminution  in  size  of  Uie  vari- 
ous tissue- elf monts.  This  form  of  uti'ophy,  culled  simple  atrophy,  is  to 
be  carefuHy  distinj?uislu'd  from  the  degenerative  atrophies,  in  which 
chancres  in  tin*  stmctuit^  of  the  various  tiKsuc-elwmeuts  oc<Mir  from  the  he- 
ginniii;;:  mid  an*  frequently  ti.**so<'iated  with  deposits  of  pafhijlog:iral  sulv 
stances  iu  tliein.  Tims  a  cell  may  become  granular  and  uudergo  frag- 
mentatiou,  or  nmy  swell  up  and  liquefy,  or  droplets  of  fat  or  mueus  may 
form  in  it,  all  of  these  ehanijes  being  indicative  of  degenerative  pi-occsses 
iu  the  protoplusm  of  the  cell.  The  special  tytrktiex  of  rfe<fenerafirr  chwfffH 
which  occur  in  tissues  will  be  treated  of  in  the  succeeding  paragraphs  of 
this  Sf^ction.  Coineidcntly  \vith  changes  in  the  protoplnsm  of  the  cell-body 
thcrt^  may  l>t^  similar  tleg«nerative  changes  in  the  iiiieleus,  sucli  as  frag- 
mentation, change  of  shape,  irregular  distnlMition  of  the  chromatin,  dis- 
eliarge  of  tlu^  chromatin  mto  the  cell-body,  an<l  swelling  ami  ilisappear- 
auce  of  tlie  nucleus,  all  of  which  ultijnalely  lead  to  destruction  of  the 
nucleus,  aud  seeomlai'ily  of  the  cell  itself. 

Degenerations  tlius  uUinmU^ly  leading  to  atrophy  i\i  the  affected  organ 
are  of  very  fretpieut  occurrence,  pHr{.i<'nlarly  in  glanilnhir  organs.  Fre- 
quently inflfimmatiou  is  also  a  complifMitiug  fnetor  in  the  prodnctiou  of 
tuese  conditions.' 


Not  infrequently  grannies  are  met  with  in  cellts,  of  Ktich  appeftnUUM  ftnd 
under  such  conditionH  as  to  preclude  the  i)088ibility  of  their  being  tlifi  reaiilt  of 
d^eneration  and  disintegration  of  the  tells.  These  have  been  made  the  8U>)- 
iect  of  careful  study  by  Ranvier  aud  Ehilich.  The  latter  of  these  investi^tors 
huf"  shown  the  presence  in  the  white  blood-corpuscles,  under  normal  conditions, 
of  grraindes  givnig  distinct  reactions  with  some  of  the  aniline  d^es.  He  is  thus 
ftble  tv>  differentiate  cells  containing  neutrophile  granuleH  (whu-.h  stain  with  a 
uentral  dye  obtained  by  mijdng'  acid  luchsin  and  methyl  ^reen)  and  cells  contain- 
ing oxvphile  granules  (which  stain  with  the  acid  dye  eosin).  Uudor  pathological 
cijuditlous,  other  leucocytes  arc  also  found  containing  basopliile  gmuulos,  stiiin- 
ing  with  the  alkaline  dyes. 

BeKides  these  cells  of  the  blood,  large  c-ells  ctintaining  bamiphde  granules 
iu  large  numbers  are  sometimes  found  in  tlie  connective  tissHe  of  varioua  or^ns, 


especially  in  cases  in  which  there  iy  also  iiresent  a  A\\;\i\  Init  chronic  inflamma- 
tory process.     These  cells  have  been  called  '""     * 

cells")  by  Ehrlich. 


Maataellen"  (literally  "  feeding 


The  exact  signiflciince  of  these  aud  similar  pranules  in  cells  is  at  pn'sent 
uncertain.  Attmann.  who  bv  the  u.hc  of  special  methods  Ims  demonstrated  such 
Grraiiules  in  the  gi-eatest  variety  of  cells,  see.«*  in  them  the  morpholoificjil  unit  of 
fivinff  matter,  and  applies  to  tliein  the  name  ftiohfastn.  Keparale,  independent 
bioblasts,  such  as  tlie  niicro-orjfanisnis,  he  calls  autoblasts,  while  lliose  which  are 
afrjfregnted  in  cells  he  calls  ciftoblanU,  and  these  latter  he  a^raiu  Jivit^cs,  acoord- 
injr  lo  their  location  in  the  cell,  into  karyoblasts  tLndiomatot^sts.  This  view  would 
appear,  however,  to  Vie  hardly  in  ac^cord  witli  the  facts;  aud  the  hypothesis  of 
Lhrlich,  in  which  he  is  supported  by  Heidenhain  and  Lowit-,  would  appear  more 
probable — i.e.,  that  these  gramdes  are  of  the  nature  of  a  secretion  by  the  proto- 
plasm of  the  cells,  and  that  the  cells  in  which  they  are  foimd  may  be  regarded 
as  in  a  nicasure  unicclluJar  i^lantls.  The  investigations  of  Tettenlianier  into  the 
spermatogenesis  of  salamanders  have  shown  tht^  formation  of  acidophile  (n*annles 
from  degeneratiug  nuclei.  ISince  these  tiiid  their  way  into  leucocj'tes  as  the  re- 
sult of  phagocytositi,  Ihey  may  hv  considered  to  represent  the  aciuophile  forma- 
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tion  of  granules  which  takes  place  in  these  leacocytes  later  on.  As  regards 
the  "  Mastzellen,"  the  opinions  of  different  observers  are  at  variance.  Some 
(Browicz,  Baudziitz)  take  them  to  be  degenerating  cells:  others  (Neumann)  be- 
lieve them  to  be  transition  stages  of  proliferating  cells;  while  still  others  (EhrUch, 
Rosenheim,  Korybutt-Daszkiewicz)  look  upon  them  as  being  cells  which  have 
been  superabundantly  supplied  with  food.  It  certainlv  mihtates  against  this 
last  view  that  Ballowitz  has  found  the  "  mast-cells*'  in  hibernating  animals,  at 
the  end  of  their  winter's  sleep,  in  almost  the  same  number  as  at  the  b^onning, 
and  that  "mast-cells'*  are  often  found  in  persons  who  have  been  in  a  state  of 
cachexia  at  the  time  of  death. 

§  58.  The  various  atrophies  may  be  separated  according  to  their  ori- 
gin into  active  and  passive.  The  cause  of  the  first  lies  in  the  inability 
of  the  cell  to  assimilate  as  it  should  the  food  which  is  brought  to  it.  In 
the  passive  form  insufficient  food  is  brought  to  the  cell,  or  such  as  is 
brought  is  of  an  improper  kind,  or  harmful  substances  are  contained  in* 
it  which  impair  the  nutritive  function  of  the  cell.  Active  atrophy  is  more 
particularly  observed  as  a  part  of  senile  degenerationy  but  it  occurs  also 
under  pathological  conditions,  especially  in  nerves,  glands,  and  muscles 
(Fig.  39)  whose  function  is  interfered  with. 

Clinicians  are  apt  to  prefer  to  the  above  another  classifi<!ation  of  the 
atrophies,  distinguishing  senile  atrophy,  atrophy  dependent  upon  impaired 
nutrition,  pressure  atrophy,  atrophy  of  disuse,  and  neuropathic  atrophy. 


Fig.  44, — Ai-teriosclerotic  atrophy  of  the  kidney.    (Natural  size.) 


Senile  atrophy  (Pig.  41)  is  partly  active,  partly  passive,  since  it  is  not 
simply  tlie  residt  of  gradually  diminishing  energy  ou  the  part  of  the  cell, 
but  depends  also  in  part  upon  narrowing  and  obliteration  of  the  vessels 
conveying  nourishment  to  it.  It  may  occur  in  all  the  organs,  and  is  often 
more  pronounced  in  one  organ  than  in  another.  The  bones,  the  kidneys, 
the  liver,  the  brain,  and  the  heart  may  all  thus  suffer  a  decided  diminu- 
tion in  their  volume. 

The  atrophy  dependent  upon  impaired  nutrition  may  result  from 
an  insufficient  siipply  of  food  to  the  body  as  a  whole  or  from  extensive 
loss  of  the  fluids  of  the  body,  and  then  affects  the  whole  body,  although 
even  then  tlie  fat,  the  blood,  the  uniscles,  and  tJie  abdominal  glands  suffer 
most.  Jjiycnl  ntrophks  may  result  from  interference  with  the  blood-sup- 
ply of  limited  regions  (Fig.  44),  and  are  a  frequent  result  of  disenae  of  the 
hlw)d-vfiisel!i.  Furthermore,  they  are  of  frequent  occurrence  as  a  result  of 
or  as  a  part  of  i tiff ammatory  processes,  though  in  this  connection  it  should 
be  stated  that  the  disappearance  of  the  tissue-elements  is  not,  as  a  rule, 
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the  result  of  simple  atrophy,  but  of  a  variety  of  degenerative  chmiges  which 
lead  to  the  destruction  of  the  cells  and  of  the  tissues. 

Occasionally  atrophy  of  a  tissue  may  result  from  the  presence  of  dele- 
terious substances  in  the  blood.  •  Thus  iodine  causes  in  time  a  diminution 
in  size  of  the  thyroid  gland,  and  in  chronic  lead-poisoning  the  extensor 
muscles  of  the  forearm  are  apt  to  undergo  atrophy. 

Pressure  atrophy  results  from  continued  and  moderate  pressure  upon 
a  tissue.  It  would  appear  to  depend  both  upon  direct  mjury  to  the 
tissue  and  upon  interference  with  its  cir- 
culation. Typical  examples  are :  the 
atrophy  of  the  liver  which  results  from 
tight  lacing  and  consequent  pressure  of 
the  ribs  upon  the  liver;  and  the  disap- 
pearance of  bone  as  the  result  of  pressure 
of  an  aneurism  (Fig.  45)  or  of  an  accu- 
midation  of  liquid  in  the  ventricles  of 
the  bi-ain. 

Disuse  atrophy  occurs  in  muscles  and 
glands,  as  well  as  in  bones,  skin,  and  other 
tissues,  and  is  due  to  non-use  of  the  tis- 
sues in  question.  In  the  case  of  muscles 
and  glands  the  atrophy  is  essentially  ac- 
tive, but  as  the  result  of  their  functional 
inactivity  there  is  at  the  same  time  a  con- 
siderable diminution  in  their  nutritive 
a<'tivity  and  in  the  activity  of  the  circula- 
tion in  them.  In  the  other  tissues  the 
atrophy  is  chiefly  due  to  a  lowering  of 
the  nutntion  of  me  unused  parts,  though 
it  is  impossible  to  quite  ehminate  from 
consideration  a  change  in  the  power  of 
assimilation  of  the  ceUs.  When  the  dis- 
use is  operative  during  the  developmen- 
tal period,  and  the  tissue  is  on  that  ac- 
count poorly  nourished  and  undergoes 
but  an  imperfect  development,  the  result- 
ing condition  is  properly  regarded  as  one 
of  hypoplasia  (Pig.  34) ;  and  yet  it  is  im- 
possible to  shar{3y  separate  Uiis  condi- 
tion from  one  of  atrophy,  since  in  hypoplasia  there  may  be  also  a  dis- 
appearance of  structures  which  had  undergone  a  certain  degree  of  de- 
velopment. 

Neuropathic  atrophy  is  a  I'esult  of  diseased  conditions  of  the  nervous 
system,  and  is  apparent  most  often  in  a  rapid  atrophy  of  the  nerves  and 
muscles,  though  it  may  also  affect  any  of  the  otlier  tissues. 

Thus  disease  of  the  anterior  horns  of  the  spinal  cord  or  of  the  motor 
roots  is  followed  by  atrophy  of  the  corresponding  nerves  and  muscles. 
Injury  of  the  peripheral  nerves  is  commonly  followed  by  atrophy  of  the 
skin.  As  the  result  of  disease  of  the  nerves  of  one  side  of  the  face  there 
may  be  unilateral  neuropathic  atrophy  of  the  face  (Fig.  46).  Unilateral 
affections  of  the  brain  during  fcetal  life  or  d)iring  childhood  may  lead  to 
atrophy  of  the  opposite  half  of  the  body  {congenital  and  infantile  hemi- 
atrophy). 


Fig.  45. — Pressure  atrophy  of 
the  spinal  ooliimn,  caused  oy  the 
encroachment  of  an  aneurism  of 
the  aorta. 
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Ill  all  tlie«e  patbologiriil  alteno- 
tions  of  neuropathic  origin  we  ver\' 
often  have  to  dt>al  not  with  true 
atrophieii,  but  with  various  degenera- 
tive processes ;  and  the  term  atropliT 
as  applied  to  them  is  only  justifi- 
altle  to  this  extent,  uaniely,  that  the 
ultimate  result  of  the  priKH^ss  ih  an 
atn>phic  fomiition  of  the  affeeied 
I>arti».  The  causes  of  the  degenera- 
tive prwespes  are  found  in  part  in 
vaso-motor  disturbances,  in  part  in 
loes  of  function,  and  in  part  in  sev- 
erance of  the  affected  tissues,  the 
ner\'e*»  from  their  centres  in  the 
spinal  cord  or  brain. 


Flu.  46. — Facial  beniiatrophy.     (After  Licbtheim  and  Borel.) 


V.  Cloudy  Swelling  and  Hydropic  Defeneration  of  Cells. 

§  59.  The  term  cloudy  swelling,  or  parenrhymaiou^  defeneration,  or 
fframiUir  dtgenerationj  was  proposed  by  Virchow  to  indicate  a  condition 
of  swelling  and  enlargement  of  cells  resulting  from  absorption  of  vari- 
ous extraneous  substances.  He  characterized  it  as  a  kiud  of  hypertn>phy 
witb  tendentry  to  degeneration.  At  all  events,  the  greatest  weight  is  to 
he  laid  uiHtn  the  degenerative  eharacter  of  the  change.  Histologically 
Ihf  process  is  characterized  by  the  formation  of  fine  granules  within  the 
bodies  of  the  swollen  cells — for  example,  in  kidney  epithelium,  liver-cells 
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tbo  cut  surface 
tioemift ;  eiamined  in  tialt 
meters.) 


47. — Cloudv  swelling  of  liver-celk 
of  tlie  liver  of 


(Scraped  from 
H  nuin  who  hful  died  of  sep- 
tiolutlau.     Magnified  350  dia- 
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(Pig.  47).  or  heart-muwle.  Their  microeheminal  reaction.**  (solubility  in 
acetic  acid,  insolubility  in  alkalis  ami  ether)  would  imlicate  the  albumi- 
nous nature  <»f  these  grantiles.  Tlieir  presence  gives  to  the  cell  a  cloudy, 
granular  ap|>euranec,  and  at  the  same  time,  as  Sie  i*esult  of  swelling,  the 
normal  structiu-e  and  form  of  the  cell  are  h>st.  Tlius  in  rloudy  swelling 
of  (he  tubular  epithelium  of  the  kidney  (Fig.  48)  the  ntd-likc  markings 
of  its  protoplasm  and  the  cell- processes  extenditig  into  the  lumen  of  the 
tubule  iliKappear.  the  cell  becomes  larger  [h.  v),  and  dm*k  granules  make 
their  appearance  throughout  its  HuVtstance.  Tliis  change  is  to  be  regarded 
as  a  distfryanuafion  of  the  nll-proiophism  f<illowing  the  absorption  of  liquiil 
into  its  substance,  and  li-ading  to  n  partial  soparatiou  of  its  solid  and  liquid 
constituents.  The  nurhus  »o(  infreqttenfltf  parfiripatfS  in  these  ehnngen^ 
underyoing  a  shniiar  tlhortjimization. 

Recovery  fi*<:»m  a  moderate  (h-gi-ee  of  this  degeneration  is  quite  pfissi- 
ble,  in  which  case  the  cell  is  restored  to  its  normal  condition;  but  often 
there  is  a  complete  deslniction  of  the  cell,  which  then  ultimately  breaks 
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Fio.  48.  ^Cloudy  swellm^  of  kidney  epithftliuiu.  «.  Normal  epithelium:  6, 
Epithelium  l>o^iiiniii|;  Xo  he  cloudy;  c,  Advancpd  dou'euertttioii ;  if,  Cast-off 
degi'iitrateil  epithwliul  <'p]ls,  (From  a  preparatiou  whicU  had  been  treated 
with  aninioniimi  (^hruiimt*'.     Magiutitnl  000  diameters.) 


up  into  Hnely  pratiular  fragiiivnU.     Fatty  degem^i-atioii  {cf.  5  ti2)  is  fre- 
quently u>«t*LH'iatvd  with  the  defeneration  under  disctission. 

(-loudy  swolliug  ofours  in  tne  cells  of  nearly  all  tlu'  pfinninh\inatons 
or^rans  in  tlu'  I'luirse  of  tlie  majority  of  the  infections  discuses,  partieu- 
larly  in  KearlHliim.,  typhoid  fevt-r,  variola,  ervsii>elas,  dijdiibi'ria,  ssepti- 
Ctemia,  etc.  Orjrans  thns  iiffeetrd  present  a  eiondy,  less  shiiiinji:  appi-ar- 
ancethiin  imnnal,  luiit  often  api*ear^ay.  Wien  tlielesio!i  is  very  niiirked 
the  tissue  liiis  the  appea]"uuee  of  lia\T.ng  been  boiled,  its  bhx>tl-eonteut  is 
generally  very  small,  its  consistence  is  doughy,  and  the  finer  details  of 
its  stmcture  an*  lost. 

§  60-  The  term  hydropic  dei^enerstton  is  veiy  ])roperly  applied  to  a 
c)ian^>  freiiiifntly  observed,  in  epithi-liiil  eells  ehiefiy,  wheivby  tlu\v  be- 

FlO.  49,— Hydropio  degen- 
eration of  t-pitheliul  <'Ah^.  from 
ft  careiuoma  of  the  breast,  ff, 
Ordinary  epithcUnleells;  6,  Hv- 
drupic  eelU.  with  hhnhier-like 
drops  of  fluid  (physnlidt's)  lu 
their  int«»riiir;  c,  Hydropi*'  nu- 
clei; rf,  Enlarped  nucleoli;  e, 
WauderinR  cells,  (The  prepn- 
nttiou  ycaa  hardi-ncd  in  MidltT*^ 
fluid  and  nlenliol.  tlien  Htaitted 
with  Bismartik-bnfwn.  and 
Hnalty  mounted  in  ('aiiia<hi  bal- 
sam. Magnified  300  diameters.) 
11 
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come  swollen  as  the  i*esTzlt  of  iiubibition  of  liquid.  The  prot-ess  is  olo8**ly 
related  Ut  Atnuly  e^u'elJiii^,  though  the  n'siilliuiir  fiisnrgauizntit.m  of  the 
eell  is  usually  muoh  less  extensive*.  When  epithelial  eells  undergo  this 
dejreneruti4>n  thenelU-ontrnts  ii|JiKvtr  elertr.  tiie  jn-oU^jihu^m  ^'nuiules  being 
pre-sswl  apart  by  the  iiuhibed  liquid,  and  often  l>eing  present  only  as  a 
granular  ring  at  the  pori|vhery  (if  llie  eell ;  tlae  wlls  thus  coming  in  a  mea- 
sure to  resemble  plant^eells  (Fig.  41),  h).  Ocea.sionally  distinct  vaeuoles 
(6)  are  formed — i.e.,  globular  drops  nf  clenr  litpiiil  in  tlie  eeIl-pix>t'Oplusni. 
Tlie  nucleus  {r)  als<i  boeomt'S  swollen,  nnd  may  be  indicated  merely  by  a 
large  ghd)uh^  wiHi  liquid  I'onlents.  Wlit-n  musi-!e  is  the  afferted  tissue, 
clear  droph'ts  of  liquid  ajipear  between  llie  fibrils,  pressing  them  apart 
(Fig.  50  and  Fig.  51,  a,  h),  so  that,  when  the  diseas<'  is  extensive,  the  for- 
mation of  the  rlcar  round  spaees  may  give  to  the  uiusele  a  distinetly 
bubbly  appearance  (Fig.  50).    For  a  time  the  niusele-librils  between  these 


Fra.  50, — Hydnipically  degener- 
ated muscular  fibres,  from  the  (jras- 
triwiiertiiurt  if  a  piitient  wuffering- 
from  I'hronifl  n4^enm  of  the  legs. 
(The  prfpiimtiou  was  first  treated 
with  FIemminp:*s  aeid-mixiure,  then 
stained  with  safranitie,  and  finally 
mounted  in  Canaila  balsam.  Mag- 
nified 45  dbimeters.) 


drops  may  renuun  unehunged.  but  with  a  4H>ntinuanec  of  the  procetjt<  they 
degenerate  nnd  undergo  liquffurthn. 

Hydropie  degen^-ration  may  be  the  result  of  (vd<^ma  (Figs.  50  and  51), 
or  it  may  oeeur  in  inMunimntrtry  eouditioiis  or  in  tumors  (Fig.  4U).  MHieu 
it  it'sults  from  influrnmatioii  its  degenerative  character  is  usually  nnieh 
more  pronounced  than  when  it  ueenrs  merely  a.s  an  aeeompaniment  of 
opdenui,  and  it  tnay  then  lend  io  eomplet^^  ilisintegration  of  both  the  cells 
and  th(>  nueh'i.  In  a'demat4jus  comli- 
tious  the  cells  often  remain  alive  for  a 
very  considerable  time,  notwithstand- 
ing their  hydropie  eomlition. 

Fm.  51. — Transverse  scotion  of  a 
bimdle  of  muscular  fibres  in  a  state  of 
hydropic  det^enerati^'U.  a,  Mu.scular 
fibres  with  snmM  drnps  of  fiiiid  :  b,  Fibres 
witli  larfTH  dr<f]»H.  ^Th«  preparation  was 
hardened  in  MiillerV  fluid,  tlK*a  stained 
with  hii-matox>*lin,  and  flnallv  mounted 
in  Canada  balsam.  Magnified  ^  diame- 
ters.) 


Vl.   Lipomatosis.  Fatty  Atrophy,  and  Fatty  Degeneration. 


§  (il.  (Vrtaiti  of  the  tissues  contain,  uiuler  nonnal  conditions,  a  con- 
siderable amtmnt  of  fat.  whicli  is  pn'sent  in  their  eells  in  such  amount  as 
to  be  rcmlily  recognizable  to  the  naked  eye.  This  fat  hai%  its  origin  in  the 
fat  ii]gested  with  the  fond,  or  ha8  Iteen  formed  in  the  IkmIv  from  ulbnnun 
anil  I'Hrbtdiydrates,  and  has  then  l)een  deposited  in  the  tissues  in  which  it 
is  fciund. 
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VVlieu  tlic  ingfstioii  nf  fat  or  of  fat-forminp  substances  is  almormally 
great,  or  the  IkkIv  is  uiiHi»le  to  niakt'  jn-oper  use  of  the  fat  couHuraed  or 
elalH)rat*'(i  in  it,  u  tlistnrlianre  of  rlu*  balance  of  fat^prodnetion  and  fat- 
consumption  results,  leadiiitr  t"  h!i  inerea^tf  of  the  storing  uf  fat  in  ttie 
hirtly,  and  in  tino^  interfei-ing  witii  the'  j>erf<>rman«'<'  of  its  functions,  and 
thereby  assiuning  patliohigiral  iui]iurtani'v\  This  iuunlinate  aiTUinnhi- 
ti<m  of  fat  lea<ls  to  Uie  coudititni  termed  obesity,  or  '(^///"wiYy,  or  Upomu- 
tosis  ttitivfrHali.t. 

Tile  tissues  In  which  fjit  ts  rionually  present  an-  tlie  lirst  Iti  l>o  affected 
in  this  process,  and  cniisctjin'ntty  the  subcutanecms  fat-tissue,  the  fat 
underlying  the  serous  ninnbranes,  the  nian'ow  of  the  l>onesT  and  the 
liver  suffer  first.  Sul>seipiently  fat  nppcai-s  in  tissues  of  which  it  is  not 
a  nonnal  constitweut.  as,  for  (-xaiiipli',  in  the  eonni'ctive  tissue  between 
the  niusi'le-tibivs  of  the  licart,  in  the  endoeardiiirn  of  the  ventrieh's  and 
auricles,  in  the  interuiuseular  connective  tissue  of  tbe  skeletal  niusi'les, 
eto. 

lu  coniie(!tive-tis8ue  eells  and  iu  the  hepatic  eeUs  the  fat  is  deposited 
in  the  form  of  smal!  drops  (Fig.  52.  //,  h).  which  soon  eoah*st;e  to  furni 
larger  drops,  ultinnttely  n'pla<'ing  tlie  entire  eell-body  ami  «.'onvertiug  it 
int^>  a  spheroidal  mass  of  fat. 

Obesity  may  persist  as  a  jwrmanent  condition  until  death,  to  which  it 
may  directly  lead  at  linies  as  the  I'esidt  of  interference  with  Uie  action 
of  the  heart.  Hut  it  may  also  become  less,  as  the  residt  <if  diniiuislied 
ingestion  of  fr)od  or  in  eonse(|uen<'e  of  impi-ovefl  inetalxdism,  in  wh]<*h 
ease  the  fat  stored  up  in  the  cells  undergoes  diminuliim.  breaks  vip  into 
smaller  <lrops,  and  may  nkimutely  be  entirely  reabsorbed,  the  cell  again 
assuming  tlie  shape  and  appearance  of  the  connective-tissue  eell.  f>e(»a- 
sioually  with  the  disappeitratiee  of  the  fat  tliei-e  may  occur  a  multiplica- 
tion of  the  nuclei  of  the  cell. 

When  the  fat  is  removed  fi*om  a  tissue  normally  containing  it.  in  tbe 
course  of  general  marasmus,  and  it.s  plw'v  is  taken  by  serum,  the  tissue 
assumes  a  geiatinous  appearauee.  anil  the  residting  efuidititra  is  spoken 
of  a*  serous  atrophy  of  fat-tissue.  When  pigment  is  deposited  in  atro- 
phic fat-<'ell.s,  giving  to  tlieni  a  yellowish  or  brownish  color,  pljfment 
atrophy  is  siiid  to  have  iM'curred. 

According  to  Voit,  the  body  may  store  up  fat  directly  from  the  fat  contained 
in  the  ingostwl  food,  or  it  may  elaborate  it  from  absorbed  fatty  acids  by  a  pro- 
cess of  synthesis  with  glycerin,  or  from  alVvurain  and  carbohydrates,  ,  The  im- 
portant factor  in  the  metabolism  of  uuTritiou  is  uot  the  oxygen  of  Iht;  blood,  but 
the  cell  it.nelf.  whoso  protoplasm  jmssessea  the  power  to  convert  oonijdex  chem- 
ical compounds  iiit^j  simph-T  ones.  The  subst^uceri  rnoHt  readily  lending  them- 
selves t/)  thin  cluiTijje  are  the  albiunin  brought  to  the  cell  in  soluble  f(inn  and  the 
carbohydrates.  Fat  is.  on  the  other  hand,  rcaistant.  both  that  directly  absorbed 
from  the  food  and  that  formed  in  the  body.  Now.  wlicn  fat  is  supplied  to  the 
cell  in  excess,  or  when  the  metabolic  potential  of  the  cell  is  lowered  so  that  it  is 
unable  to  fiuiher  decompose  tlie  fat,  which  it  elaborates  From  the  al>)unuu 
brought  to  it,  fat  of  necessity  ?-euuiiiis  in  its  pn>toplasm.  When  these  two  in- 
fluence's act  in  combination,  the  effect  is,  of  course,  greater.  Improved  nutritive 
conditions,  exercise,  and  elevation  of  the  body -tempera  tare  increase  the  metaboho 
activity  of  the  cells,  while  it  is  diminished  by  alcohol,  morphine,  and  quinine. 
Obesily  depends  on  assimilation  ot'  food  in  excess  of  the  abdity  of  tiie  bo<Iy  to 
make  use  of  it.  In  its  production  llie  melabolic  power  of  the  cells  of  the  body 
as  a  whole  may  be  normal,  or  it  may  Kie  iliminished  as  the  result  of  weakness  or 
dimiuation  in  number  of  the  cells.  The  acoumidation  of  fat  which  is  often 
noticed  in  aiutmia  is  explained  on  the  ground  of  diminution  in  the  cell-mass  of 
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the  body,  resulting  in  diminiBhed  metabolic  power.  The  deposit  of  fat  in  the 
intermuscular  oomiective  tissue  of  atrophied  muscles  would  appear  to  bn  a 
direct  reatult  of  the  tiiminislu'd  metabolic  changfs  in  tht-  paralyztHl  muscle- 
tissue. 

According  to  Gautier  the  metabolism  of  proteids  in  the  oell  occiint  in  two 
stages.  lu  the  fii-st,  the  stagi'  of  fennent-action  without  oxidation,  or  of  liydro- 
lytic  i^eparation,  uric  acid  or  aualog4iu^  gubstouccs  (ui-ates  and  creatiuL-  derivatee) 
are  formed  from  th«  protoplasm,  the  carb4>hydratei(  at  the  same  tinit?  )>eiiigcoii- 
wrted  into  fats.  In  the  second  stage,  that  of  oridation,  the  sugars  and  fats 
disappeiir,  both  those  oiiginally  derived  from  the  food  and  those  resulting  from 
the  mctalinUsm  of  proteids.  The  carbohydrates  are  in  part  oxidized,  but  the 
greater  part  of  them,  pjirfioukrly  during  muscular  inactivity,  are  converted  into 
fat  by  a  simple  fentit^ntative  process  in  the  course  of  which  a  large  am<mnt  of 
carbonic  acid  is  liln-nited.  Ultimately  the  fats  aUo  undergo  oxidation  and 
disappear. 


§  62.  When  a  tell  ctwtaius  fat  which  ciumot  be  accounted  fur  b&  hav- 
ing b<*eu  fomio<l  from  proteid.s  or  earlndiyd rates  in  the  circulation,  or  as 
having  Ijeen  pbtaincd  from  the  ingested  food,  but  wliicli  woulil  Hpjiear  to 
have  been  formed  in  tlie  cell  at  the  expense  of  its  invu  protoplasm,  the 
fat  must  l>e  reganled  as  an  expn'ssion  of  degenei*atiou  of  the  cell,  and  the 
term  fatty  dej^neration  i^  applied  to  the  pixK'ess  from  which  it  residl*. 

This  degeneration  may  occur  in  the  conrse  of  ptirench\'mat4>us  degen- 
ei'ation  as  a  later  development,  but  it  also  frcfinently  occurs  witJiout  any 
such  pre<^ediiig  condititm.  so  that  it  must  be  regarded  in  reaUty  as  a  split- 
ting up  of  the  protoplasm  of  the  cell  with  fat-formation. 

Cells  which  are  in  the  condition  of  fatty  des:eneration  ulwnys  con- 
tain easily  recognizabU'  tiroptt  nf  irrHjultir  }<isi\  cob)rlesK,  liigbly  refniclirig, 
insoluble  in  acetic  iwid,  soluble  in  alcohol  ami  in  ether.  Perosmic  acid 
stains  these  droplets  blm-k.  Their  number  and  size  vary  givatly.  tbrmgh 
the  largest  rarely  attain  great  size.  Thus  beart-uutscle  iu  a  condition  of 
fatty  degeneration  {V\g.  53)  shows  minute  fat-tlroplets  scattereti  through 
its  stibstance,  varj-ing  in  number  mth  tbe  intensity  of  the  process,  but 
which  seldom  become  conglomerate<l  together  to  form  large  drops. 


Fig.  52. 


Fig.  53. 


FlO.  52.  -Fat-containing Uvor- 
cella.  a,  h,  Fat-iudltnitioD  :  c,  d, 
e,  /,  Fatty  degeneration.  (Mag- 
nitled  400  diameters.) 

Fm.  M.— Fatty  degeneration 
of  the  muscular  tiwtue  of  tlie 
heart.      (Magnified  350  diame- 

tei-s.) 


A  similar  api>earance  is  presented  >\v  liver-eelk  (Fig.  52,  r,  *1)  and  by 
the  tubidar  epitbeliuiu  of  the  kidney  (Fig.  54.  *>,/)  when  undergoing  fatty 
degeneration,  though  it  shouhl  be  said  that  here  the  fal-dmplets  are  frc- 
(piently  of  greater  irregularity  in  size,  and  wbeu  the  proceiw  is  far  ad- 
vanwHi  in  these  organs  many  of  the  cells  may  become  broken  np  into  a 
Oitiy  fhiritu^  com|K»sed  of  fine  granules  and  minute  fat-<iroi)lets. 

Fatty  degeneration  affects  both  connective-tissue  cells  and  ei)iUieUum. 
W>en  many  cells  elosi-ly  associatwl  an^  afffcted.  the  condition  is  usually 
rea<Uly  tvcognizable  wilb  the  naked  eye ;  the  nioiv  readily,  of  course,  the 
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more  inten*te  the  process,  the  less  strikiiijr  the  color  of  the  tissue  iuvolved, 
and  the  smaller  its  l>lood-cont«ut.  Colorless,  transpHreut  tissues,  like  the 
intimaof  tho  heart  aud  of  the  vessels,  assume  au  opaque,  whiti«h  appe^r- 
auee ;  the  eortieal  suhstaiice  of  the  kidney  becomes  prayish,  and  when  the 
pr<ieess  is  intense,  even  yellowish  whitt^  and  opof^ne ;  the  heart-inusele  be- 
comes yellow*ish,  and  even  the  skeletal  musdes  may  come  to  have  a  pale 
yell<twish-l>rown  color. 

TJie  cells  contained  in  liquids — as,  for  example,  those  in  pus — fnwjueut- 
ly  umlerj^o  extensive  fatty  ilcgenei-ation,  endin{jr  usually  in  the  disintiv 
gratiou  of  tlie  cell.     The  same  is  true  of  the  cells  of  coagulated  exudates. 

Fatty  degeneration  would  appear  to  depend  in  part  upon  a  chan^ 
in  the  composition  of  tlie  blood.  Hud  <^o!iscc|uently  in  the  nntritive  su)>- 
stancc  hnMi^ht  to  the  irells,  and  iti  jijirl  upon  tt  Ufte^rM  riinilly  of  the  cdh 
themMlvfs.  An  important  [mrt  in  its  praduetion  is  uudonhtcdly  jdayed 
by  pFr»istfnt  iiiminHtioa  in  (he  xn^^Uf  of  ^iSfftffu  to  the  cells  (A.  Krnenkel), 
which  shows  itself,  in  the  fn*sl  place,  by  nn  increased  brnakint;  down  nf 
all)innin  and  a  r-onsc<nient  increase  in  fat-production,  and,  in  the  sectuid 
place,  by  the  circuuistance  that  it  is  then  no  longer  possible  for  the  fat 
BO  formed  to  underjjo  fiu'ther  «>xidation. 

Since,  in  this  process,  the  reproduction  of  albumin  docs  not  keep  pai^o 
with  the  speed  with  wliich  it  is  destroyed,  a  yTadual  diminution  of  the 
albuniin-<*<nitent  of  the  affected  organs  mtist  necessarily  fcdlow. 
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Fig.  54. — Section  of  a  kidney  nff<»cted  with  fatty  and  amyloid  degrenera- 
tion.  «,  Xoruial  loops  of  vfwselh;  b,  Loops  affncte*!  whh  amyloid  di'^uneration  j 
c.  Fatty  glomenihis  (.'pit!i*^Iiuin;  ci,  Fattv  cajisuk*  vpithflium  ;  d^  Fat-drops  at- 
tac'be<l  to  the  ouJer  siu*face  of  the  capillaries :  c,  Fatty  epithelium  m  W/u  ;  /,  C^st- 
off  fntty  epithelium  :  r/,  Hyaline  HoliiUHcalions  (urinary  cajfts) ;  /i,  Transverse  sec- 
tions of  casts  composed  of  fat-drops :  t,  Amyloid  artery ;  A',  Amyloid  capillary  j 
/,  Cellular  intiltration  in  the  corinet^tivH  tistmn;  m.  Round  relln  iuisido  the  iiri- 
niferous  tubules.  (Maf?iiified  300  <hamet^r>;.  The  preparation  wiw  treated  with 
Miiller^H  fluid  aud  peroNinic  acid,  aud  then  stained  with  methyl  violet.) 
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On  this  account  fntty  degeneration  is  a  frequent  accompaniment  of  roudi- 
tions  producing  geiieral  or  local  ancetnia.  Thus,  if  the  power  of  the  blood 
to  appropriate  oxygen  is  diminished  by  disease,  as  it  is  in  aueemia,  leu- 
cocythsemia,  and  coal-gas  poisoning,  and  the  pi^oeesses  of  nutrition  are 
thereby  interfered  with,  fatty  degeneration  ma^  occur  in  a  great  variety 
of  organs.  In  eases  of  serious  loss  of  blood,  either  from  an  ulcer  of  tlie 
stomach,  or  from  letting  blood  too  freely  from  a  vein,  or  from  an  excessive 
nose-bleed,  it  sometimes  happens  that  the  patient  becomes  blind  either 
immediately  after  the  bleeding  or  perhaps  even  several  days  later.  In 
such  cases  the  blindness  is  to  be  attributed  to  fatty/  degeneration  of  the 
cells  of  the  retina  and  of  the  optic  ner\'e  in  the  region  of  tlie  lamina  crib- 
rosa,  and  this  degeneration  in  turn  is  U)  be  ascribed  to  the  anaemia  caused 
by  the  haemorrhage.  It  is  also  probable  that  in  these  cases  the  degenera- 
tive  process  is  favored  by  spasm  of  the  arterial  vessels  of  the  optic  nene 
and  retina. 

Circumscribed  areas  of  fatty  degeneration  are  most  apt  to  occur  wheu 
a  tissue  recieives  an  insufficient  supply  of  blood  owing  to  some  local  lesion, 
or  when  the  escape  of  venous  blood  from  the  part  is  retarded,  so  that  re- 
newal of  the  blood  cannot  occur  at  the  normsd  rate.  Furthermore,  fatty 
degeneration  may  occur  in  cells  which  have  become  detached  from  tlieir 
normal  nutritive  smTOundings  and  are  imdergoing  necrotic  changes. 

Various  poisons  may  also  bring  about  increased  degeneration  of  albu- 
min and  consequent  fatty  degeneration.  Among  such  may  be  mentioned 
phosphorus,  chloroform,  iodoform,  arsenic,  sulphuric  acid,  nitric  acid,  and 
many  of  the  toxic  substances  produced  by  the  bacteria ;  and  fever  would 
appear  to  act  in  a  similar  manner.  In  the  case  of  fever  it  is  possible  that 
the  degenerative  change  is  in  considerable  part  due  to  diminished  supply 
of  oxygen  to  the  tissue ;  but  the  pi-esence  of  toxic  substances  in  the  blood 
at  such  times  undoubtedly  contributes  thereto. 

The  decision  as  to  whether  fat  which  is  found  in  cells  is  the  result  of 
degeneration  of  the  cell -protoplasm,  or  whether  it  has  mei*ely  been  de- 
posited in  tlie  cell,  is  not,  as  a  rule,  attended  with  much  difficulty.  It  is 
generally  admitted  that  the  fat  resulting  from  degeneration  is  in  small 
droplets  which  rarely  become  confluent,  while  the  fat  deposited  in  a  cell 
usually  runs  togetlior  to  form  large  drops.  While  tins  is  true  of  the  fatty 
changes  in  most  of  the  organs,  it  is  not  universally  applicable.  It  holds 
for  striated  muscle,  heart-muscle,  smooth  muscle,  ueuroglia-cells,  etc.,  but 
in  fatty  degeneration  of  the  kidney  epithelium  the  drops  which  form  as 
the  result  of  the  fatty  degeneration  are  already  somewliat  larger,  and  iu 
the  liver  the  drops  of  fat  which  form  as  the  result  of  degeneration  ai-e  bt)th 
small  and  large.     This  is  particularly  the  case  in  phosphorus-poisoning. 

On  the  other  hand,  when  the  fat  is  merely  deposited,  and  not  formed 
as  a  result  of  degeneration,  the  drops  which  first  appear  are  small,  and 
then  when  reabsorption  of  the  fat  sets  in,  the  large  drops  break  up  into 
smaller  ones. 

Wlien  the  appearance  of  the  fat  as  it  occurs  in  cells  does  not  afford 
the  necessary  indication  as  to  its  source,  the  hx-ation  of  the  fatty  cells 
ina^  often  sers'e  to  determine  it.  The  occurrence  of  fat-droplets  in  cells 
which  normally  contain  no  fat,  under  circumstances  excluding  the  j)ossi- 
l>ility  of  an  increased  transport  of  fat  to  them,  is  strong  evidence  that 
the  fat  in  question  has  been  formed  from  the  albumin  of  the  cell  as  the 
result  of  a  degenerative  change.  Difficulty  arises,  then,  practically  only 
wheu  the  affected  tissue  is  normally  a  fat-depot  and  is  at  the  same  time 
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proi»tf  to  fatty  degeiieratiou,  as  is  nothbly  tlie  ease  with  tiie  liver;  aud  it 
IS  often  very  (liffli'ult  U>  tlfciflc  how  iinu'li  of  tin-  f«t  invsent  iu  its  I't'lls 
has  beeu  (l^^posited  lliere  htkI  Iiow  miit'li  has  l>een  tlu*  ivsult  of  tJeicfnt'^'H- 
tion.  A  hirther  cfuiiplirnhiui  arises  from  the  faet  tlmt  depenerution-fat 
may  at  times  W"  absorbetl  and  theu  subsequtMitly  deposited  i»  the  same 
orjfau  as  iutiltration-t*at. 

Acconliiif;  to  A.  Fraeukel,  all  pruc^sses  wluch  dmauisli  the  supply  of  oxyg:en 
to  the  tiftSueB  in  so  far  tend  to  increase  the  waste  of  proteid  milmtaneeK  and  pre- 
pare the  way  for  fatty  degeneration.  As  the  resiill  of  the  lack  of  oxypen,  he 
explains^  a  kind  of  necrobiosis  of  the  eolla  occurs.  The  dead  protoplasm  is  tlien 
suDJected  to  the  action  of  various  fcnnents,  and  by  them  is  split  up  into  a 
nitrojfen-cimtaitiing:  substance,  which  is  eliminated  m  the  urine,  and  a  non- 
nitropenims  subrttance,  fat,  wliieli  reiiiaius  in  the  tissues.  Fraenkel  liases  ibis 
theory  upon  the  results  of  observati'ins  in  t-ases  of  phosphorus-poisoninji,  lu 
which  condition,  as  has  been  shown  by  Stnrch  and  Bauer,  the  consumption  of 
oxygen  is  materially  lowered  and  the  waste  of  proteids  iucrease<l ;  and  also  upon 
the  residts  of  blood -letting .  of  hindnmce  Uy  the  resniratoiy  absorption  of 
oxygen,  and  of  earl >onic -oxide  poisoning,  in  which  conditions  fatty- degenera- 
tive clianges  occur,  and  there  is  at  the  same  time  au  iuereawd  elimination  of 
nitrogenous  substances  in  the  urine.  Fraenkel  explains  the  occurrence  of  fatty 
degeneration  in  the  course  of  feveralso  upon  the  tlieorj-  of  diminished  oxygen- 
supply,  insisting  that  during  the  febrile  state  the  oij-gen-carrving  power  of  the 
haemoglobin  is  diminished,  that  the  red  blood -corpusc lea  disintegrate  in  large 
uumbei-s,  and  that  almiirmal  contraction  of  the  arteries  is  pn;seni. 

The  fact  that  in  fatty  degeneralion  the  fat  ivninins  in  the  cell-body  is  ex- 
plained, according  t<>  Voit,  not  so  much  by  lark  of  oxj'gen  as  by  diminii^hed 
metnbolic  power  of  the  cells,  which  are  unable  to  further  decompose  it. 

Tissues  which  have  undergone  extensive  fatty  dcpenoration.  and  liouids  in 
which  the  cimtaiiunl  cells  have  degenerated,  very  often  contain  large  cells  com- 
pletely tilled  with  ftne  fat-granules.  These  cells  may  properly  be  called  fat- 
granule  cells.  They  are  to  he  reganlcd  as  only  in  part  the  resnlt  of  fatty  de- 
generation, and  in  many  cases  would  appear  1o  be  wandering  cells  which  have 
become  inei-eastd  in  size  and  spheroidal  owing  to  their  ab»ori>tion  of  fat  lib- 
erated from  other  disintegrated  cells. 


§  (i3.  The  fats  which  occur  iu  the  liuumii  l«>dy  ai*e  mixtures  (»f  ohm, 
pfthiiifhij  and  stfftriti.  The  first  of  these  is  liquid  at  the  ordinary  t<;m- 
perature.  the  second  melts  at  4VP  (*.,  stearin  at  i^H^  C.  Since  the  fatty 
jjortJoiis  of  various  regions  oi'  the  body  ('ontaiii  these  fat>s  in  different 
proportions,  there  is  eousideriible  variety  as  regards  theii*  firmness  and 
melling-point.  Asi  fat  is  insohihle  in  water  aud  aqueous  liquids,  that 
eoiitained  iu  \hv  cells  of  the  Imdy  or  lyitig  free  among  the  tissues  is  not 
dissolved  hy  their  juices.  At  most  only  traoes  of  it  euu  be  dissrdved  in 
the  blond,  lymph,  chyle,  tiud  bile,  which  contain  small  ijnantities  of  soaps. 
When  the  bo*ly  is  eo4>led  after  death  to  a  point  below  the  melting-i>oint 
of  the  contained  fats,  the  palmitin  and  stearin  se]MirHtv  i]i  the  form  of 
fine  star-shapi'd  or  fealliery  uei-iUes  (P^ig.  5,%  ft,  c,  f/),  which  are  eoiiimnnly 
called  margarin  crystals,  and  wliieli  arv  often  f<«nnd  both  in  fttt-eella 
and  free  in  the  tissue-liquids, 

Cholesterin  in  the  fovn»  of  thin  rhombic  ^ilntes.  often  with  irregtilnr 
e<>rners  and  edges  (Fig.  Tm,  ft),  is  frequently  deposited  iu  area*  of  fat-cou- 
tJiining  detritus  which  may  have  originated  from  extravasated  l>lood  or 
from  degeneratrtl  masses  of  cells.  This  may  occur,  for  example,  in  the 
*uiuea  vaginalis  testis,  in  a  dilated  seltaceous  <luct  or  gland,  tir  iu  a  softened 
of  tlie  intima  of  a  diseased  aorta.     When  the  substance  in  which 


Pio.  55. — a.  Cholesterin  platea;  6.  A  free  clueter  of  znargarin  needles;  c. 
Needles  inrlot^-d  in  fat-cells;  d^  Qmss-Ukc  bnndlo  of  margarin  needles.  (Ma^;- 
nified  300  iliamrters.) 


Water,  dilute  acids,  caustic  alkalis,  and  cukl  alcolnd  fail  to  dissolve 
eliolest«riii,  wliich  is,  however,  soluble  iu  boiling  ak-uhul,  ether,  c'hl(>n>- 
fomi,  and  benzol. 

Whi'ii  treated  with  a  mixture  of  a  jvart8  concentrated  sulpliuric  acid 
and  1  part  water,  I'liolesterin  cn'st-als  assume  a  deep  carniiue-i*ed  color,  be- 
f^iniiinp  at  their  borders,  and  tlii.s  eobir  tlin-n  slowly  ehanjjes  into  violet. 
A  we-aker  sohitiou  (3  parts  siUphiunc  aoid,  1  part  water)  eausew  a  violet 
coloration  of  tho  edges  of  tlie  crvstiils.  Sulphuric  acid  containing  a  trace 
of  iodine  eolora  the  crystals  violet,  blue,  jnven,  and  red. 

The  source  of  eh<dcijterin  is  not  clearly  uuderst«M>d.  It  is.  however, 
in  all  probability  an  intermediate  pi-oduct  in  the  metabolism  of  pn^teids. 
ratholo^ieally  it  is  met  with  more  jtai'ticnlarly  when  these  bodies  are 
iinderpiin^  d*^l^eneration  with  fat-forinatinn,  or.  in  other  w<irds.  in  tis- 
sues and  exu<latcs  whieh  are  in  process  of  fatty  degeneration.  It  is  also 
occasionally  formed  in  ohl  e<'bin<M'occns  cystjs. 


VII.  Glycogen-deposit  in  the  Tissues  under  Patholotcical  Conditions. 


§  64.  Glycogen  is  a  carbohydrate,  readily  convertible  into  sugar, 
whieh  is  obtained  chiefly  from  the  carbnljydrates  of  the  food,  but  whidi 
may  also  be  formett  fi'oni  albumin  and  from  gelatin. 

Glycogen  is  f<»und  in  the  tissues  as  a  hf/dlht*'  suhstattr^  somewhat  re- 
sembling amyloid  in  appearance  (Laughans).  It  is  more  «tften  situated 
in  the  cell-bodies,  but  may  also  lie  at  times  in  the  intercellular  spaffes  of 
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the  tissue,  and  it  is  generally  in  the  fonn  of  sphemles  of  different  sizes. 
In  tlic  I'l'lls  thf.so  flplu^rulcs  usually  lie  rather  iioiir  the  mieU-us. 

Altliou^'li  >,'ly<*<>Kt'ii  is  soluble  iu  water,  there  would  apj)eHr  to  be,  ac- 
cording Ui  Luu^hjuis,  some  difference  iu  the  degjt'e  of  its  sfihibility  when 
obtaiued  from  ditferent  tissues,  that  contained  iu  the  liver,  kidney,  mus- 
cles, putj-t'orpuseles,  etc.,  beiug  distiuctly  luore  easily  soluble  tiiau  that 
from  eartilage-cel!s  and  pavement  epithelium.  Ilai'denin^  of  tissues  in 
aleohol  makes  the  contained  fjlywip-])  distineMly  less  soluble.  The  glyeo- 
gen  eontained  iu  the  liver  at  the  time  of  death  is  quickly*  converted  iut-o 
sugar  by  the  diastatic,  ferment  of  the  liver. 

Iodine  raitsf^t  ^jlycoijfn  h  ass^iane  a  brotpnisk-rtfl  color.  To  avoid  the 
solution  iu  water  of  tho  glyeogeu  contained  in  fresh  preparations,  it  is 
advisable  to  immerse  tlu^  i>ortion«  of  tissue  for  examination  in  a  syrnjiy 
mixture  of  gum  and  iodine  (Kbrlieh),  or  iu  glyceriu  to  whieli  a  little  iodine 
has  been  added  (Bai*furth).  Sef^tions  of  tissues  whieli  have  be<^n  liardened 
in  aleohol  may  Ive  best  studied  after  treatment  with  a  tlilute  iodine  tinc- 
ture (I  part  tineture  of  iodine,  4-  parts  absolut^^  nleolntl)  and  elcarin^.^  tii 
oil  of  origanum.  The  reaction  after  such  treatment  is  of  considerable 
duration. 

Glyco|jfen  occurs  nornudly  in  ttie  liver,  in  the  muscles  (iueludirifjr  the 
heart-muscle),  in  the  leueueytes,  in  the  }>Iood-sennu  (Uabritscliewski),  iu 
Ciirtilagt'-eeUs,  and  in  iilmnst  (dl  ciiibryouie.  ti.ssncs,  ils  well  ils  in  the  fcE'tid 
membranes  of  youn^;  eudiryos.  Durin;^  starvatiim  the  glyeoffen  of  the 
liver  undergoes  diminution,  and  under  pathological  conditions  it  may  dis- 
appf^ar  entirely. 

In  iliabetes  there  is  a  deposit  of  glycogen  in  tlje  epithelium  of  the  kid- 
ney, partieiUarly  in  tlmt  lining  Henle's  loo])s,  iu  the  isthmus  of  which  the 
cells  aix"  comnuiuly  almost  lilleil  with  it.  h'aviiig,  aft^M*  solution  in  wjitcr, 
clear  spaces  in  the  ccU-bofiies.  Th^-  glycogen  in  the  bliMHl  is  also  mm^h 
increased  in  diabetes — Itoth  that  within  the  corpuscles  and  that  iu  (he 
blood-plasma  ((iabritsidicwski). 

In  fi-esh  intlaunuatory  exudates  glycogen  jiiuy  lie  jireseut  iu  the  pus- 
cells.  The  leucocytes  t)f  tlie  bluud  cout4iin  glycogen  in  excess,  moi*e  par- 
ticularly in  eouilitions  of  cachexia  (Czerny).  (-rlyeogen  has  also  been  ol^- 
aervcti  in  tumors  of  various  kinds,  iis,  for  examjile,  in  the  epithelittl  cells 
of  condylomata,  iu  carciuomata  and  iKleuomata  of  the  testicle,  in  eudo- 
thelioniatd  (Dricsscn),  in  myxfisarcouiatn.  enchondromata,  sarcomata  of 
bone,  and  lutiro  rai'ely,  also,  in  those  of  other  tissues.  It  is  ahuost  never 
found  in  tumors  of  the  breast  (Laugbans),  aiul  it  is  very  uuusual  to 
meet  with  it  in  carcinomatii  of  the  stoimu^h  or  intestine,  in  tumors  of  tbo 
ovary,  of  the  kidney,  and  of  h^npll-nodes.  It  is  also  aliseut  from  fibro- 
mata, liponmta.  niyxomata,  osteomatft,  angiimuita,  leiomyomat-a,  and  from 
the  tissue  of  the  infectious  granulomata  (Langhaus). 

Acciu'ding  Uy  Langhans.  glycogen  is  juet  with  in  the  epithelium  of  the 
body  and  portio  vaginalis  of  tlie  uterus,  but  is  absent  from  the  tubes  and 
is  ver>-  scanty  in  the  per\nx.  It  is  also  present  in  the  epithelium  of  the 
vagina  and  in  tumors  of  the  portio  vaginalis  and  of  the  vagina,  which 
contain  stratilied  ejuthelium.  Carciuumata  of  the  uterus  rarely  contain 
moi-e  than  minute  traces  of  glycogen. 
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VIII.  Mucous  and  Colloid  Degenerations. 


§  65.  Mucous  degeneration  has  iUs  physiological  prototype  in  the  ]>n> 
<lnetion  of  mucus  hy  thi*  mm-ous  uieiubranes  imd  mucous  ghiiuls,  nud  in  the 
f<»rmatioii  of  iiiucus  in  tlie  connective  tissue  of  the  luubiliml  (*or<l,  of  ten- 
4I0U.S,  of  bursa',  and  of  syno\-inJ  murabntnes.  In  ihc  ninbilicftl  foiil  the 
mucus  ooicurs  as  a  jeUy-lik*-  matrix  ;  in  the  joint.-?,  lun-siv,  Hud  touilon- 
sheaths  it  forms  a  string}-,  flcnr  litpiid. 

The  fornnitiou  of  nunnis  in  nuiiMms  membranes  takes  pliice  in  epithelial 
ce^s,  called  lw*aker-  ov  jj^oblet-i'rlls,  whiisi?  cell-bodies  aw  in  »rrr»t  part 
(jflcupied  liy  clear  substance,  the  ulucus  whieli  has  l_H*eu  elaborated  at  the 
expense  of  their  ]irotop]a.sm.  In  inncus-formation  in  nnic<>us  glands  the 
epithelial  cell*  swt-H,  their  centres  liecome  ti-ansifarent,  and  the  pi-oto- 
])lasm  granules  beeonie  reduced  t^>  snudl  jfronps  *)r  string*.  The  so-called 
niiu'iis-corpuscles  of  the  snlivan*  secretion,  eharnnterized  by  ju'lassy  trans- 
parent contents  in  which  vibrating"  ]irottipl;istn  j^raruilrs  are  often  pres- 
ent, arc  splientidal  cells  which  have  nnder^nme  mueous  de^'eneratiou. 

Tlu^  mucus  thus  fnnried  from  the  protoplasm  of  the  cells  may  be  dis- 
charged, and  the  cell  may  either  retain  its  iutegi-ity  or  it  may  be  com- 
pletely destroyed. 

The  fjtrmutiiiu  of  mucus  oecm*s  under  pathological  conditions  in  the 
BOine  manner  as  uornndly.  In  catarrh  <jf  the  mucous  membranes  (cf.  Sec- 
tion VI.)  the  striuiij:}'  excretitm  which  forms  is  chiefly  the  result  of  exces- 
sive nineus-production  by  the  cells  of  the  mucous  membrane  and  of  its 
gliiuds.  I'us-corpuseles  may  also  nndcrpo  nnicous  4le^eneration,  in  the 
course  of  irvhich  nnicin  would  ajipcar  to  be  t'(>rnipd  fn»m  thv  nuctein  of 
their  nuclei  (Kussell.  In  luueons  membranes  containing  cylindrical  epi- 
thelium t!ic  nniuber  of  beaker-cells  is  fiivatly  increiised  as  the  ivsnlt  of 
catarrhal  itiflaujumtitm,  and  the  exudate  often  eimtains  cells  wliieh  have 
undergone  cimiplete  mucous  de^enenilion,  and  which  appear  as  yinssy 
mftHses  iifti'ii  containing  a  few  f^ne  gnninles.  Again,  the  cells  may  con- 
tain mucus  in  the  shape  of  iiTegnlar  drops  of  various  sizes. 

Just  as  in  nornnd  tissues,  so  also  in  pathological,  the  epithelial  cells 
may  undergo  nuious  degenei-ation.  Thus  the  epitheliiU  lining  of  cysis 
of  the  ovai"y  and  of  tumors  of  the  intestine  may  often  contain  many 


Pijr.  56. 


Fig.  5^ 


Flo.  56. — Epithehal  cells  which  have  undergone  mncoua  degeneration,  from 
a  cvBladeuoma  of  the  ovary,  o,  Cella  which  are  only  sHii-htlv  affc<'ted  ;  h,  Cells 
winch  show  a  hijrh  degree  of  niucnus  defeneration.    (MaKnined  4IM)  diaint>ter>*.) 

Fio.  57. —Mucous  dopencration  of  the  connective  tisswe  of  the  aortic  valves. 
a.  Fibrous  tissue:  h.  Tissue  that  has  uuderpone  mucous  deyreueration.  (The 
section  was  made  from  a  frozen  specimen  that  luid  been  treated  with  osmio 
acid;  it  was  then  uiuuuted  iu  fflyceiiu.     Mngnitieil  HiJO  diameters.) 
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beaker-<ie]la  (Fi|y:.  56,  u)  and  cells  in  which  the  entire  cell-bcHlies  have 
chniij^i'il  into  iiiufMis  (Fig.  5(J,  h).  In  soni*'  cnridnoniata  n  lar^^  jmrt  of 
thf  t']iitlirlijil  c*'lls  iuuUtjjo  a  mnrons  metamorphosis. 

A  nuniluT  of  thi'  ftfHnffiire-fismif  ijroHp  of  lisstirs  irniy  also  iiiKlff^o  a 
t'orni  of  nuicous  tlegencratiou,  and  iu  couseqiicufc  a"-'L|uii't!  a  ^t'latinous, 
traiiHpari^nt  apjicaraiu'c.  Hrsiiies  conntHstivt^  tiwHUC  itwi-lf,  enrtilagi',  Imiii?, 
fat,  l>r>]ie-]narrt>\v,  and  the  tissue  of  saivomata  muy  he  mentioned  as  l»e- 
lonjLTini;  to  this  class.  It  is  hen*  more  pai-ticularly  the  intercellular  matrix 
(Ki};.  r»7,  b)  which  miderjfoes  the  mucous  change,  becoming  converted 
into  a  homogeneous,  tstnu'tiirelcKs  maj^s.  The  cells  themselves  may  re- 
main unchanged,  may  iK-comc  fatty,  or  may  also  undergo  raucous  degen- 
eration, in  wliicli  case  thf  whole  tissue  hceonies  a  clear  ti-ansluceut  mass, 
with  scan*cly  anything  left  to  suggest  the  original  tissue,  except  here 
and  then;  connective-tissue  hands  and  single  cells  or  gi-oups  of  cells  less 
degenerated. 

The  string}*,  gelutiTHnis  irmlerial  which  results  from  mucous  degenera- 
tion is  no  single  chemical  suhstance,  since  in  it  several  different  varieties 
of  mui'iu  Jiiud  p.sendoriincin  nuiy  he  deteeted. 

The  mucins — (jf  whieh  several  Icimls  may  l>e  ilistinguished,  acconling 
to  their  source,  as  subuiaxillary  mucin,  intestinal  nmciu.  tendon  nmcin — 
are  nitrogenous  substances,  which  dissolve  or  swell  up  in  water,  fonning 
a  stringy,  mucous  licpiid.  From  such  solution  they  are  ]ireeipit4»t<Hl  by 
acetic  a^^^d  in  the  form  of  stringy  mitsses  wliicli  fail  to  redissolve  in  ex- 
(tess  of  the  acid,  thus  differing  fnmi  the  true  albxuniiuiids.  They  dissolve 
in  neutral  salt-sotulinns  and  in  caustic  alkalis  and  alkidiue  carlxinates, 
gradually  forming  alkali  jdbuminales  in  the  latter,  All  nuieius  contain 
Uttli  nitiTjgen  and  snljihur,  the  jM'rceutage  of  earbon,  oxygen,  nitrogtm, 
and  sul]ihur  varying  sonu'wfiat  in  the  iiilTerent.  varieties. 

By  propi-r  treatment  a  carbohydrate,  called  aninuil  gnm  (Laudwehr, 
Hauimarsteu),  may  be  separated  from  the  nineins  ;  and  nuieiu  nuiy  tiunv- 
fore  appropriately  be  ealte<l  a  glyeopri>teid  (Pfannenstiel). 

Pseudomucin  is  also  solubh*  in  water,  appeiiring  then  as  a  nnieous 
liquid,  friuii  which  alcoluil  throws  it  domi  in  the  form  of  stringy  flakes, 
which  arc  again  soluble  in  wati'r.  Acetic  acid  (hies  not  precipitate  it. 
On  boiling  with  dilute  niimn'al  acids  n  carbohydrate  is  f(»rmed  (as  was 
the  ea.se  with  mucin)  whiih  rcduees  copper  sulphate  in  alkaline  solution 
(Pfannenstiel). 

According  to  Pfannenstiel,  pseudomucin  tRMnirs  in  the  jintliferating 
glandnhir  ovarian  cystadeuomata.  and  t<»  a  certain  extent  ulso  in  the 
papillary  ovarian  cystadeTiomata,  and  the  jweidiar  gelatinous  anil  niuenus 
consist;<,mec  of  the  conlent*>  id'  these  trysts  is  due  to  its  presence.  It  is 
produced  by  the  epithelium  of  these  tumors  (Fig.  50),  and  iu  forming 
this  material  these  cells  nmlergo  changes  atudog(Mis  to  those  described  in 
discussing  the  fonnalion  nf  muein  by  cj*itliclial  r-ells.  In  jiU  proliability 
the  gelatifious  substanci'  fointd  in  eolloid  eylindrieal-cell  earcinonmta  is 
a  substance  closely  relatcil  to  pse(uh)niucin  4»r  iiietalliuniin — i.e.,  thei*e 
arc  several  varieties  of  pseudomucin,  of  which  the  two  mentioned  are 
examples. 

The  mticin-llk«  substance  contained  in  the  syfvmal  secretion,  cimgulated  by 
acetiP  acid,  differs,  according  to  Salkowski,  from  nucleo-Blbumiu  iu  that  it  eon- 
taius  no  phosphorus,  and  from  ordinary'  muein  in  its  different;  conduct  with  th« 
mineral  acids,  since  it  is  not  converted  by  them  on  boiling  into  a  reducing 
Kabgtaiiee. 
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lu  the  blood,  in  the  bone-mam»w,  in  the  spleen  in  leuctemia,  and  in  excre- 
tions from  the  infiaiueil  bronchi  in  bronchial  a«tliinrt,  nharp.  slender,  colorless 
octahedral  crj'stals  are  not  infrt'tjucnlh-  found.  Thwy  are  called,  after  their 
discoverers,  Charcofs  crysUUs  or  Lej/dttt's  crystaU. 

Salkowski  believes  thesie  to  be  yonipot.ed  of  a  substance  closely  related  to 
mucin,  but  crystalliae  in  form.  Schreiner.  on  the  other  hand,  declares  them  to 
be  composed  of  the  phosphate  of  a  bane  newly  investipaled  by  him,  whicli  he 
de8criV>e«  as  a  dc(.'oniposition  product  of  albumin  and  perhaps  nearly  related  to 
the  ptomaines.  C'urschmann  believes  these  crj'stals  to  be  formed  from  disintn- 
frrating  bk>od- corpuscles,  and  Un^rar  has  been  able  to  produce  them  artificially 
by  allowing  sputum  \<i  stand  in  a  moist  chamber. 


§  (i().  Colloid  de£Ccneratlon  ig  closely  relat^'d  t<»  mucmis  dc^Mn^rHtiim. 
in  that  it  too  is  the  rt-sult  of  degenerative  change  in  an  jilljuininoid  bo<ly, 
namely,  the  jn'iihiplasni  4if  the  cell.  Nothinff  is  known  with  i-ertninty  as 
to  it*  chemical  nntiu'e.  It  is  ueiiainly  formed  froju  the  jirotopla-sni  of  the 
cell,  and  oc«ur»  physii.dogieally  (in  extra-uterine  life)  in  inotlerate  degree 
in  the  thyroid  gland.  Here,  at  this  iwTind,  it  is  found  lyiiig  in  the  midst 
of  tbf  pfirfncbyitta  of  the  ghnid  (Kijr-  ^y^,  '*).  in  the  fi»rm  i>f  vHriutisl}-  nized 
Hphi'mles,  whii'h  art-  »i»iuevvhnt  crowdetl  together,  and  which,  on  section, 

present  a  transhiceiit  appeanuice 
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snggesting  boiled  wjgo  or  Inrd. 
They  are  usually  of  a  yellowish  or 
bniwnii.sli  e<(li>r,  and  ()f  the  eonsis- 
fence  of  firm  jrlly. 

PlO.  58. — Colloid  in  a  specimen 
taken  from  an  enlarged  thyroid  gland. 
a,  Kollide  filled  with  ci-lls ;  b,  Follicle 
with  a  luniL-n:  c.  c,  Masses  of  colloid; 
(/,  Oaiiitlani.'s;  e,  Connective-tissue 
Kf|(tiini,  with  arterj'.  (Specimen 
stained  with  alum  hnfmatoxylin. 
Magnified  00  (lirtuicters.) 


When  this  ccdloid  is  jnitli(d(>irirally  increased  in  amount  it  may  come 
to  cfmijKise  by  far  the  greider  part  of  tlie  whole  volume  of  the  thyroid 
gland,  and  may  cause  it  t**  he  ffivntly  enlarged  (colhtid  gcdtre). 

Micnwcftpically  the  cnlhtid  nf  |fn-  Ihyroiil  gland  possesses  a  homogene- 
ous nppearance;  it  eontains  hut  very  few  cellular  elements,  and  these 
coiiliiifd  to  the  i»eriphery  of  the  muss,  where  th«^  eidloid  is  in  pnteess  of 
formation.  Oeeasi<amlly  a  lar-jj-r  mass  will  be  made  ujj  of  a  number  of 
strudJer  ones,  or  may  be  uiottlcd  with  vacui4es.  In  the  foniialiou  of  col- 
loid, small,  homogeneous,  spheroidal  uut.«is*'j4  first  make  their  nppcnranee 
iti  the  I'l'll.-*  of  t)n'  th\T4)id,  inid  these,  as  they  continue  to  gi*ow,  may  be 
discharged  from  (he  cidl  or  may  gather  together  into  a  single  mass  flll- 
itig  the  entire  eell-hody,  As  far  ns  can  be  judged  fri»m  a  liistological 
exatuination,  ctdloid  may  also  ileveh>p  fmm  ujasses  of  desquamated  epi- 
thelial cells  (Fig.  'i9.  J/),  in  which  rase  the  individual  cells  bivid;  down 
and  fctrm  a  single  homogeneous  mass. 

roJlfiid  matwes.in  all  itarlicularssiinilarto  tJioseabovedescrihed.areofi- 
casiouaUyeontHint'd  in  the  renal  tubtdesof  diseased  kiihieys(Fig,  '>**./,  A), 
and  often  in  the  follicles  of  the  hypophysis  cerebri  ( the  jiituitan'  IkmIv  ).  In 
the  tubules  of  kidn('y.s  which  have  uudHrgtuie  cystic  degeneration  such  col- 
loid spherules  are  sometimes  present  in  large  numbers.    Oeeasioually  the 
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conuective  tissue  of  the  diseased  aud  atrophied  gastric  mucous  membrane 
may  contain  hyaline  bodies  similar  to  colloid. 

Colloid  is  (Ustinguishable  from  mucus  in  that  it  does  not  swell  or  dis- 
solve in  water,  that  acetic  acid  does  not  coagulate  it,  and  that  it  is  not 
made  opaque  by  the  action  of  alcohol  or  of  chromic  acid. 

Observations  by  Biondi,  Langendorf,  Podbelsky,  and  Hiirthle  would 
indicate  that  a  part  of  the  colloid  substance  produced  in  the  follicles  of 
the  thjToid  gland  finds  its  way  into  the  lymphatics ;  for  at  the  points 
where  these  vessels  come  in  contact  with  the  glandular  tissue,  a  melting- 
down  of  the  epithelium  takes  place,  and  an  opening  is  established  be- 
tween the  sacs  which  contain  this  broken-tlown  material  and  the  lym- 
phatic channels. 

Fig.  59.—  Section  of  a  con- 
tra<^ted  kidney,  showing  ar- 
teriosclerosis and  masses  of 
colloid  in  the  uriniferoas  tu- 
bale».  a,  Thickened  artery ; 
fr,  Wasted  glomerulus ;  c.  Cap- 
sule of  the  glomerulus ;  d,  e, 
Atrophic  uriniferous  tubules; 
/,  Tubules  with  laminate  col- 
loid casts  in  their  interior;  jr, 
A  hyaline  mass  with  epithe- 
lial cells  imprisoned  m  its 
substance :  A,  Cysts  con- 
taining ianunated  colloid 
spheres;  i,  Stroma.  (Preparation  stained  with  alum  carmine  and  mounted  In 
Canada  balsam.    Magnified  150  diameters.) 
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Von  Recklinghausen,  in  his  work  on  the  general  pathologj'  of  nutrition, 
unites,  under  the  heading  colloid  degeneratioiiy  several  different  de^nerative  pro- 
cesses, pai*ticuiarly  what  we  now  know  as  amyloid,  mucous,  and  nsraUue  degen- 
erations. He  believes  that  amyloid,  as  well  as  mucin  and  hyaline,  is  formed  rrom 
the  cell-protoplasmj  and  that  it  possesses,  in  common  with  the  other  two,  the 
quahty  of  insolubihty  in  the  liquids  of  the  body,  at  most  simply  swelling  in 
them  ;  or,  in  other  words,  that  it  possesses  in  a  high  degree  the  qualities  of  the 
so-called  colloid  substances  (Graham).  Hyaline  substance,  in  particular,  he 
describes  as  a  proteid,  staining  deeply  with  eosin,  carmine  and  picrocarmine 
aud  with  acid  fuchsin,  homogeneous  and  highly  refractive,  little  acted  upon  by 
acids,  and  very  similar  to  amyloid  substance  in  its  resistance  to  the  action  of 
alcohol,  water,  ammonia,  and  acids,  though  differing  from  it  in  giving  no  re- 
action with  iodine.  In  its  formation  there  is  usually  fusion  of  the  cell-sub- 
stance of  adjacent  cells. 

According  to  von  Becklinghausen,  hyaline  substance  occurs: 

1.  In  cysts  of  the  thyroid  gland,  of  the  hypophysis,  of  the  mucous  glands,  and 
of  the  accessory  glands  of  the  female  generative  organs  and  of  the  unnary  tract. 

2.  In  the  eye,  as  knob-like  prominences  on  the  hyaloid  and  vitreous  mem- 
branes, or  as  membranous  deposits  and  thickenings  upon  them,  and  in  the 
semicircular  canals  of  the  ear. 

3.  In  glandular  organs  which  are  iu  a  ctmdition  of  acute  or  chronic  infiara- 
mation,  especially  in  &e  renal  tubules,  in  the  form  of  hyaUne  casts,  also  in  the 
ducts  of  the  sweat-glands  and  in  the  folhcles  of  the  ovary. 

4.  In  hyperplastic  tumors  of  connective  and  lymphatic  tissues,  inlym|^>homata, 
tubercles,  sarcomata,  myxomata,  in  the  choroid  plexiLs,  in  colloid  niiha  of  the 
skin,  in  lymphangiomata,  and  in  carcinomata ;  occurring  in  these  in  the  form  of 
globular  or  irregular  masses,  and  sometimes  in  that  of  membranes  and  tubes. 

5.  On  the  surface  and  in  the  superficial  layers  of  mucous  membriines  as  an 
important  component  of  diphtheritic  false  membranes. 
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6.  As  deposits  on  the  endocardium  and  on  the  walls  of  the  lai^r  blood- 
vessels and  in  the  capillaries  (hyaline  thrombi),  as  well  as  in  the  form  of  hyaline 
deposits  in  the  walls  of  the  vessels. 

7.  As  a  wax-like  degeneration  of  muscle,  as  a  deposit  in  the  axis- cylinders  of 
nerves^  and  as  Moreagni's  spheres  (MorgagnCsche  Kugeln)  in  oataractous  lenses. 

What  von  Recklinghausen  thus  describes  under  the  term  hyaline  has  hereto- 
fore been  classed  in  part  as  colloid  degeneration,  in  part  as  the  result  of  coagu- 
lation necrosis,  in  part  as  thrombosis,  and  in  part  as  hyaline  degeneration  of 
connective  tissue,  and  I  cannot  yet  bring  myself  to  accept  von  Recklinghausen's 
view«  as  he  appears  to  me  to  class  together,  under  the  name  hyaline,  substances 
which  would  seem  to  be  quite  different.  Thus  what  he  classes  under  5  and  6  as 
hyaUne  is  for  the  most  part  nothing  but  more  or  less  homogeneous  fibrin,  while 
that  which  is  grouped  in  class  1  must  be  regarded  as  colloid.  The  fibrin  is  a 
product  of  the  plasma  of  blood-plaques  and  of  leucocytes ;  colloid  is  a  product  of 
epithehum. 

Furthermore,  the  reactions  described  b^  von  Recklinghausen  as  character- 
istic of  hyaUne  seem  to  me  to  be  altogether  msufficient.  All  the  dyes  mentioned 
stain  many  entirely  different  substances  very  intensely,  and  fibrin  coagulated  in 
homogeneous  masses,  and  cells  which  are  massed  together,  are  often  very  resis* 
tant  to  alcohol,  water,  and  dilute  acids. 


IX.   Amyloid  Degeneration  and  Amyloid  Concretions. 

§  67.  The  t«rm  amyloid  degeneration  is  applied  to  a  peculiar  degenera- 
tive process  of  a  number  of  ti^»iies  and  orgam,  in  the  course  of  which  an  albumi- 
nous material  called  amyloid  substance  is  deposited  in  the  affected  partSj  caus- 
ing them  to  increase  in  size  and  to  assume  a  peculiar  waxy  appearance. 
It  may  oecur  in  almost  all  the  organs  of  the  body,  but  is  more  frequently 
met  with  in  the  spleen,  liver,  kidneys,  intestine,  stomach,  suprai-enal  bodies, 
pancreas,  and  in  the  lymph-glands.  It  is  encountere<i  less  often  in  fat- 
tissue,  in  the  thjToid  gland,  in  the  aorta,  in  the  heart,  in  the  muscles,  in 
the  ovaries,  and  in  the  uterus. 

When  extensive  it  is  readily  recognizable  by  the  naked  eye,  as  the 
affected  parts  present  a  translucent  waxy  appearance  {lardaceous  degen- 
eration). 

In  the  spleen  the  change  occurs  most  frequently  in  the  region  of  the 
glomeruli,  which  may  become  completely  changed  into  homogeneous, 
transparent  areas  resembling  grains  of  boiled  sago,  whence  this  form  of 
amyloid  spleen  has  come  to  be  called  the  sago-spleen.  When  the  amyloid 
degeneration  is  present  ab^o  in  the  spleen-pulp,  more  or  less  distinctly 
i-ecognizable  waxy  lines  and  streaks  appear  on  its  cut  surface.  At  times 
almost  the  entire  substance  of  the  sph^en  may  be  thus  affected.  The  spleen 
is  then  enlarged  and  feels  hard,  and  may  look  as  if  composed  entirely  of 
wax  [lardaceous  spleen). 

Tlie  ehanges  in  the  appearance  of  the  liver  are  similar  in  that  here 
also,  when  the  amyh>id  change  is  extensive,  clear,  translucent  waxy  areas 
appear,  which  may  subsequently  become  confluent  and  lead  to  a  cousider- 
aljle  enlargement  and  hardening  of  the  liver.  The  liver-tissue  hang  be- 
tween the  masses  of  amyloid  substance  may  be  redder  than  normal,  or  it 
may  h)(>k  pale  and  ycUowisJi  because  of  fatty  degeneration  in  it. 

The  kidney  may  also  Ite  increased  in  size  and  in  firmness  of  texture 
as  the  result  of  amyloid  degeneration,  and  may,  at  times,  in  spots  or 
throxighout  its  whtdc  substance,  present  a  similar  waxy  appearance.  In 
other  cases  the  waxy  areas  niHy  be  so  small  as  to  be  invisible  to  the  naked 
eye,  an<l  it  may  be  only  through  the  presence  of  other  visible  changes. 
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especially  of  futty  tlpg«?neration,  that  niu*  is  \vd  to  suKpfi't  auiyloid.  lu 
till'  inti'stiiu',  also,  tlir  HtnyloM  is  nnvly  ilistiii^iiislirililn  without  liptii^al 
iiiul  rlieininU  aids,  :in<]  tlic  same  holds  tnie  of  most  of  tin*  inxans  in 
whidi  aiiiyloiit  is  of  rartT  iH'<'urr(.ni(T,  u-s  in  fat-tissue,  in  the  heHii,  in  thtt 
Itti'gcr  arterit's,  the  thjToid  gland,  etc. 

The  siihstJim'e  which  is  depositeil  in  aniyhad  (Je^eiifiration  forms  for 
the  most  part  shhtiuij,  homt^jeneoHH  wassfs  wliieh  (h'veloj)  a  perulittr  reac- 
tion triih  itftiiitf  ttvd  tvith  sonn'  of  thf  ttvii'ittf  dffra.  Itxline  in  wat4*r,  or,  bel- 
ter, in  a  solutifMi  of  [»otas^iuni  i<»dide,  when  poured  over  amyloid  tissue, 
caus(.*s  the  amyh>id 
suhsTant^c  to  assume 
a  dark  juiihopmy-red 
color.  In  thin  scc- 
tiims,  under  the  mi- 
(sroscope,  this  reaction 
difrcrfTiIiatcsthttamy- 
loid     sul fstaiiec    very 

I'lfarly  from  the  pah'-      ^  a'^t^lCf.^'^iUP^.^A'.' 
vellow      surroumUnjtr 
tissue  (Fig.  (JO,  b). 


A 


Flu.  00.— Section  of 
an  ainyloiil  hver.  show- 
ing the  effects  of  stain- 
ing it  witli  H  Hdlutiinii  of 
iodine,  a,  Normal  Uver- 
tissue:  A,  TisHue  that 
has  undcr^om*  amyloid 
degeneration ;  c,  Glis* 
fionV  capsule.  (Magni- 
fied 35  diamelers.) 
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In  very  wrU-inarked  amyloid  de«i;ene]-ation,  when  the  tis.sues  ui-c  of  an 
almost  woiaicn  hardness,  this  rc*w.ti4Hi  sometimes  results  in  the  pnxhiP- 
tion  of  a  violnt  or  hluish  or  jrreen  eohn*:  and  speriniens  whieh  huvr  been 
eluiDged  to  a  mahojirauy  color  hy  tlie  action  of  iodine,  when  trenti'd  with 
dilute  8uli>hnric  aeitl  or  with  soluti<tn  of  <*hloi'ide  nf  /.inc.  may  similarly 
turn  red,  violet,  hlue,  or  green,  or,  uu  the  other  hand,  the  origtnjU  midifig- 
auy  color  luuy  simply  be  iuteusilied.     This  nnu'tiou  is,  however,  often 

unsatisfactori'. 

The  aniline  dye  known  as 
methyl  violet  or  aniline  violet 
colors  amyloid  substauee  ruby 
re<!  (Fi^.  HI.  /;).  whih*  the  healthy 
tissue  is  at  the  same  tiuje  stjiined 
blue  or  deep  violet  (Fig.  (il,  a. 

Fig.  61,— Section  oF  an  amyloid 
li%"er  after  being  treated  with  rncthyl 
violet  nnd  aeetie  acid.  a.  Elongated 
masses  of  liver-eells ;  h.  Amyloid 
suttstimee;  f,  Endotlieliiuti  of  the 
onpillariea ;  e,  OolorU'^s  hlood-e<ir- 
puscles.  plagnified  l.lOiliameters.) 
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Virchow,  the  discoverer  of  amyloid  substance,  was  the  first  to  observe 
its  peculiar  reaction  witli  iodine,  from  which  he  inferred  that  amyloid 
must  be  devoid  of  nitrogen  and  must  be  nearly  related  to  cellulose  or 
starch,  since  cellulose,  when  treated  with  iodine  and  concentrated  std- 
phurie  acid,  assumes  an  intense  blue  color,  and  similarly  starch  becomes 
of  an  ultramarine  blue  when  treated  with  iodine  alone.  Virchow  accord- 
iiigly  g*ive  the  name  amyloid  to  the  newly  discovered  substance.  It  was 
not  until  several  years  later  that  Friedreich  and  Kekul6  demonstrated 
that  the  so-called  amyloid  is  in  reality  a  nitrogenous  substance  of  an 
albuminous  natm*e. 

The  peculiar  reaction  of  amyloid  substance  makes  it  possible  to  detect 
its  presence  in  the  tissues  in  cases  in  which  it  is  present  in  such  small 
amount  as  to  be  quite  inWsible  without  the  aid  of  iodine.  In  applying 
tlie  test  to  fresh  tissues,  care  should  be  taken  to  wash  out  the  blood  as 
perfectly  as  possibh*,  since  the  color  resulting  from  the  combination  of 
the  red  hsemoglobin  and  the  yellowish- brown  iodine  rather  closely  resem- 
bles the  mahogany  red  of  the  amyloid. 

Amyloid  is  very  resistant  to  acids  and  alkalis.  It  is  not  changed  by 
alcohol  and  chr<»mic  acid,  and  it  is  only  slowly  affected  by  the  (ihanges 
of  putrefaction. 

Amyloid  material  is  deposited  in  the  framework  composed  of  bl^>od- 
vessels  and  conneHive  tissue^  and  more  parHculm-ly  in  the  walls  themselves  of 
the  smaller  hlood-vessels.  Living  cells  are  not  affected  by  it.  In  connec- 
tive tissue  the  amyloid  material  would  appear  to  be  first  deposited  between 
the  connective-tissue  fibres. 

In  the  acini  of  the  liver  the  amyloid  material  is  foimd  in  dose  prox- 
imity to  the  capillary  tubes.  The  endothelium  (Fig.  61,  c)  is  covered  on 
its  outer  side  by  a  more  or  less  thick  layer  of  homogeneous,  glassy  sub- 
stance composed  wholly  of  amyloid  material.  The  liver-cells  between 
the  amyloid  masses  are  either  well  preserved  (Fig.  61,  a)  or  they  may  be 
compressed  and  already  undergoing  atrophy.  They  often  contain  fat. 
The  larger  blood-vessels  of  the  liver  also  at  times  show  amyloid  changes, 
more  particularly  in  the  media  of  the  arteries. 

In  the  kidney  (Fig.  62)  the  amyloid  is  found  most  abundantly  in  the 
walls  of  the  vessels,  the  vessels  of  tlie  ghmienili  (Fig.  62,  6)  beirg  moder 
ately  swollen  and  homogeneous,  and  similar  homogeneous  deposits  occur- 
ring also  in  the  arteries  (Fig.  62,  7),  veins,  and  capillaries  (Fig.  62,  k)  of 
other  parts  of  the  kidney.  In  the  mucous  niem>>rane  of  the  intestine 
the  amyloid  deposit  also  occurs  in  the  walls  of  the  blood-vessels  more 
particularly. 

In  fat-tissu<\  which  is  often  extensively  affe4'ted  with  amyloid  disease, 
the  waxy  material  is  found  both  in  the  walls  of  the  l)lood-vessels  and  in 
the  ctmnective- tissue  stroma,  so  that  at  times  tlie  thin  connective- tissue 
sli(»atli  of  th<'  fat-cells  may  be  converted  into  a  clear  hyaline  substance. 
In  lymph-glands  aiid  in  the  spleen,  as  has  been  already  said,  it  is  the 
eon net^tive- tissue  framework  wliieh  is  more  es])eeially  affect^^d  and  which 
often  becomes  much  thickened  (Fig.  6:i.  a,  h).  In  striated  nuiscle  it  is  the 
perimysinni  inteninm  and  the  sareolemma  which  are  involved.  In  glan- 
dular organs  pf)ssessing  a  tunica  i>ropi*ia — as,  for  example,  the  mucous 
•rlands  and  the  kidney — this  membraite  may  also  be  affected  and  swell 
lo  a  very  eonsiderable  extent. 

The  results  f»f  amyloid  degeneration  which  make  themselves  appa- 
rent to  the  eye,  and  whi^^h  in  a  measure  aec^oimt  for  the  perv^ersions  of 
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Fig.  62.— Section  of  an  amyloid  kidney,  a,  Normal  vascular  loops ;  6,  Iioops 
affected  with  amvloid  disease ;  e,  Fatty  gl  jmerulus  epithelium  ;  Ci,  Fatty  capsiue 
epithelium ;  rf,  E^t-drops  lying  against  the  outer  surface  of  the  capiUaries ;  e, 
Fatty  epithelium  in  niu ;  /,  D^quamated  and  &tty  epithelium ;  g^  Hyaline  co- 
agulations (urinary  casts);  k,  Transverse  section  of  a  cast  composed  of  fat- 
drops;  I,  Amyloid  artery  j  *,  Amyloid  capillary  j  I,  Cellular  infiltration  of  the 
connective  tissue ;  m,  Rouna  cells  within  the  unniferous  tubules.  (Magnified 
300  diameters.  Specimen  treated  with  MuUer's  fluid,  perosmic  acid,  and  methyl 
violet.) 


function  observed  in  cases  of  amyloid  disease,  are  the  pronounced  change 
in  structttre  of  the  affected  tissue,  and  the  degenerative  changes  in  the  cells 
of  the  affected  organ.  Amyloid  disease,  consequently,  has  a  distinctly  de- 
generative quality.  The  connective  tissue  itself  is  permanently  changed, 
as  the  insoluble  amyloid  substance  would  appear  never  to  be  removed  from 
it,  and  it  is  self-evident  that  the  function  of  organs  thus  affected  must  be 
seriously  impaired. 

The  deposit  of  amyloid  material  in  the  blood-vessels  leads  to  very 
considerable  thickening  of  their  walls,  and  at  the  same  time  to  narrowing 
or  even  obliteration  of  their  lumina,  both  of  which  conditions  entail  j>er- 
mauent  interference  with  the  cii*culation.  The  amyloid  ma.sses  compress 
the  surrounding  epithelial  structures  and  cause  them  to  atrophy,  and  at 
the  same  time,  on  account  of  the  impaired  circulation,  they  may  undergo 
fatty  degeneration.  These  changes  are  well  seen  in  amyloid  degenera- 
tion of  the  liver,  in  which  the  liver-cells  are  always  more  or  less  deformed 
and  atrophied  as  the  result  of  pn>ssure,  and  are  often  in  a  condition  of 
pronounced  fatty  degenei-ation.  In  the  kidney,  also,  fatty  degeneration 
of  the  tubular  epithelium  is  a  proniineut  characteristic  of  the  amyloid 
change,  though  it  should  be  remembered  that  other  ('onditions  occuiTing 
in  as.sociation  with  the  amyloid  disease  may  contribute  to  this  change. 
and  that  on  that  account  the  degi*ee  of  fatty  change  is  not  to  be  relied 
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upon  as  indicative  of  the  intensity  of  the  amyloid  disease,  being  often 
very  extensive  where  the  amyloid  change  is  but  slight. 

In  the  spleen  and  l}nnph-glands,  also,  the  cells  lying  in  the  meshes  of 
the  swollen  trabeculae  disappear  as  the  result  of  atrophy  and  fatty  de- 
generation (Fig.  63,  /),  and  in 
muscles  the  contractile  sub- 
stance diminishes  pari  passu 
with  the  increase  of  the  amyloid 
material. 

Fig.  63. — ^Amyloid  swelling  of 
the  reticulum  of  a  lymphatic  gmnd. 
(After  Eberth.)  a,  Normal  reticu- 
lum ;  6,  Swollen  reticulum  j  c,  Nu- 
cleus still  luiafEeoted;  df  dj  Degen- 
erated nuclei;  e,  Normal  lymph- 
corpuscles:  /,  Atrophic  lymph-cor- 
Susoles.  (Magnified  350  diameters, 
[ethyl-violet  preparation.) 

Regarding  the  causes  and  nature  of  amyloid  degeneration  but  little 
can  be  stated  with  certainty.  We  know  that  it  is  of  most  frequent  occur- 
rence in  the  various  cachectic  staUs^  but  we  are  wholly  in  the  dark  as  to 
the  precise  perversions  of  nutrition  which  bring  it  about.  The  diseases 
with  which  it  is  most  frequently  associated  ai*e  tubei-culosis  of  the  lungs 
and  of  the  bones,  syphilis,  chronic  dysentery,  and  leuctemia,  and  often 
in  these  diseases  the  most  extensive  amyloid  degeneration  will  be  found, 
while  in  the  cachexia  resulting  fi'om  carcinoma  it  is  but  rarely  observed. 
Occasionally  it  occurs  without  any  discoverable  preexistent  disease,  and 
observations  by  Cohnheim  would  make  it  appear  that  it  may  become  well 
developed  in  from  two  t^  three  months. 

Amyloid  chantje  which  is  widely  distributed  throughout  the  hody  must  re- 
sult from  general  causes.  The  amyloid  substance  itself  does  not  exist  iu  the 
blood,  but  the  matenal  from  which  it  is  formed  is  wndoubtedly  derived  from 
the  bloody  and  it  would  appear  that  the  lowered  vitality  of  the  tissues  re- 
sulting from  general  cachexia  favors  its  formation.  Perhaps  in  the  con- 
ditions mentioned  this  peculiar  amyloid  substance  results  from  the  union 
of  an  albuminous  matenal  derive<l  from  the  blood  with  some  constituent 
of  the  tissues ;  or,  as  the  i*esult  of  impaired  nutrition,  a  peculiarly  modified 
albuminous  body  may  be  separated  from  the  albumin  in  the  circuhiti«m 

Virchow  and  Kyber  have  drawn  a  parallel,  and  very  properly  as  it  seems  to 
me,  between  amyloid  degeneration  of  tissues  and  calcification.  In  both,  a  tissue 
of  lowered  vitality^  because  of  impaired  nutrition,  becomes  filled  with  a  sub- 
stance brought  to'  it  by  the  blood,  and  becomes  intimately  combined  with  sub- 
stances preexisting  in  the  tissue.  Wagner  considers  amyloid  material  to  be  the 
result  of  a  retrop^rade  metamoriihosis  of  the  albuminates,  or  more  definitely  as 
an  intermediate  stage  between  them  and  fat.  Von  Recklinghausen  advances 
the  hypothesis  that  in  amyloid  formation  a  homogeneoiLs  material  is  formed  by 
the  cells  and,  constantly  washed  by  the  lymph,  swells  and  cong'lomerates,  simi- 
larly to  mucus,  forming  itself  into  small  masses,  reticula,  membranes,  or  tubes. 
It  has  seemed  to  me  that  the  amyhtid  material  must  be  derived  from  the  circu- 
lating' blood,  and  I  would  venture  the  opinion  that,  as  the  result  of  the  lowered 
metabolic  power  of  the  tissues,  the  substance  thus  derived  cannot  be  converted, 
as  under  normal  conditions,  into  nutritive  matter,  but  lies  in  the  tissues  and 
undergoes  metamorphosis  into  the  peculiar  material  wliich  we  term  amyloid. 
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Cxemy  believes  that  the  precursor  of  amyloid  is  to  be  found  in  the  white  blood- 
corpuscles. 

§  68.  The  form  of  amyloid  degeneration  which  we  have  thus  far  con- 
sidered is  a  disease  which  usually  affects  a  number  of  organs  of  tlie  body, 
or,  if  confined  to  one  of  them,  is  more  or  less  uniformly  distributed 
throughout  its  entire  substance.  There  is,  however,  a  form  of  amyloid 
(change  in  which  localized  deposits  of  amyloid  material  occur  either  iu 
the  form  of  localised  amyloid  infiltrations  of  the  tissues  or  as  free  concretions. 

Local  amyloid  infiltrations  are  met  with  in  granulations  whieli  are 
rich  in  cells,  in  chronically  inflamed  tissues,  in  cicatrices,  and  in  hyper- 
jdastic  connective-tissue  growths.  They  occur  also  iu  tumors  in  which 
other  degenerative  processes  are  in  progress.  In  some  cases  only  small 
{>articles  of  amyloid  material  are  formed,  and  then  frequently  in  the  walls 
of  the  vessels;  but  in  other  cases  large  masses  are  met  with,  composed 
almost  entirely  of  amyloid  substance  and  often  almost  as  hard  as  wood. 

The  amyloid  substance  is  here  also  deposited  in  the  basement  substance  of 
the  tissue^  though  it  is  held  by  some  au&ors  (Bahlmann)  that  the  cells  of 
the  tissue  may  also  acquire  a  hyahne  appearance  and  give  the  reactions 
fharacteristic  of  amyloid. 

Such  local  amyloid  deposits  have  been  found  in  the  inflamed  con- 
junctiva, in  syphilitic  scars  in  the  liver,  tongue,  and  larynx,  in  inflamed 
lymph-glands,  in  ulcers  of  bone,  and  in  tumors  of  the  larynx  and  stomach. 
Tumor-like  amyloid  masses  are  also  occasionally  met  with  in  the  conjunct 
tiva,  tongue,  larynx,  and  trachea  under  conditions  in  which  it  is  im])os- 
sible  to  establish  any  relationship  between  them  and  some  inflammatory 
process,  and  where,  besides,  there  is  but  little  normal  connective  tissue  in 
the  vicinity  of  the  amyloid  masses. 

Freely  lying  amyloid  concretions,  or  corpora  amylacea,  are  most 
ofteu  found  in  the  tissues  of  the  central  nervous  system,  especially  in  the 
spinal  cord  and  in  the  ependyma  of  the  cerebral  ventricles.  They  occur 
also  in  the  prostate  gland.  Those  found  in  the  nervous  system  are  for 
the  most  part  small,  homogeneous,  and  somewhat  shining  particles  (Red- 
lich),  usually  devoid  of  any  definite  nucleus  (Fig.  64,  c).  In  the  prostate 
they  are  larger  and  usually  show  dis- 
tinct stratification  (Fig.  64,  a).  Wag- 
ner and  Langhans  have  observed 
corpora  amylacea  in  careinomata, 
and  they  have  also  been  found  in 
the  lung  (Friedreich,  Zahn,  Ziegler), 
in  inflammatoty  areas,  in  bloody 
extravasations,  and  in  emphysema. 

Fig.  (^4.— Corpora  amylacea. 

a,  Laminated  concretions  from  the 
prostate.     (Magnified  200  diameters.) 

6,  Corpus  amylaceum  from  an  old 
hiemorrbagic  infarction  of  the  lungs, 
with  luematoidin  crystals  m  thf  nu- 
clens.    (Magnified  200  diameters.) 

c,  Corpora  amvlacea  from  the  spmal 
cord.    (Magnified  400  diameters.) 

TJirs**  hwal  deposits  of  amyloid  material  and  the  amyloid  concretions 
should  not  be  considered  as  alt<)<r<'tii*'i'  similar  to  the  progressive  amyloid 
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change  to  which  -we  apply  the  term  amyloid  degeneration.  Some  of 
them,  it  is  true,  give  the  characteristic  amyloid  reaction,  and  the  corpora 
aniylacea  of  the  nervous  system,  in  particular,  assume  the  characteristic 
blue  color  when  treated  with  iodine  and  sulphuric  acid.  But,  in  the  case 
of  these  bodies,  we  have  to  do  with  formations  dependent  essentially  upon 
local  conditions  for  their  origin,  and  it  can  hardly  be  disputed  that  they 
are  formed  from  the  albumin  of  the  affected  tissue.  The  concretions  of 
the  prostate  are  made  up  of  degenerating  epitheUum  or  of  fragments  of 
the  same  matted  together  in  layers,  and  it  is  probable  that  the  similar 
bodies  in  the  lung  and  in  tumors  are  composed  chiefly  of  fragments  of 
degenerated  cells,  though  in  part,  also,  of  tdbumin  from  the  blood.  Red- 
lich  considers  the  corpora  amylacea  of  the  nervous  system,  which  stain 
similarly  to  nuclei  with  hsematoxylin,  to  be  made  up  of  the  nuclei  of 
neuroglia-cells  and  to  be  a  senile  retrograde  development  of  the  tissue. 
Sti-oebe,  however,  believes  them  to  be  (composed  of  fragments  of  swollen 
axis-cylinders,  while  Siegert  believes  them  to  have  originated  from  cells. 


X.   Hyaline  Degeneration  of  Connective  Tissue. 


§  69.  Hyaline  degeneration  is  naturally  taken  up  next  in  order  after 
amyloid  degeneration,  both  because  of  the  appearance  of  its  product  and 
because  of  its  occurrence  in  connective  tissue  and  in  blood-vessels.  But 
it  does  not  give  the  reactions  characteristic  of  amyloid. 

When  hyaline  degeneration  begins  there  is  usually  a  degeneration  of 
the  walls  of  the  smaller  vessels  (Fig.  65,  a),  as  the  result  of  which  a  hya- 
line material,  strikingly  similar  to  amyloid,  but  differing  from  it  in  reac- 
tions, is  formed  just  externally  to  the  endothelium  of  the  vessels,  making 
their  walls  thicker  and  narrowing  their  lumina,  until  the  vessels  may.  be- 
come very  narrow  tubes  whose  outline  is  made  irregular  by  the  presence 
of  the  hyaline  material  in  theii-  walls.     Finally,  the  lumen  of  the  vessel 

Fig.  65. 


Fig,  65.—  Hyaline  degeneration  of  the  blood-vessels  of  an  atrophic  lymph- 
gland  from  the  axilla,  a,  Vessels  which  liave  undergone  hyaline  degeneration, 
but  still  possess  an  open  lumen  ;  b.  Obliterated  vessels.  (Specimen  hardened  in 
alcohol  and  stained  with  alum  carmine  and  picric  acid  j  and  the  section  mounted 
in  Canada  balsam.    Magnified  200  diameters.) 

Fio.  63. — Hyaline  degeneration  of  the  connective  tissue  of  the  myocardium, 
fl,  Normal  co~.nective  tissue ;  b,  Connective  tissue  that  has  undergone  liyalme 
defeneration ;  c.  Hyaline  masses;  d.  Transverse  sections  of  normal  muscle-cells : 
e.  Transverse  sections  of  musole-eells  which  are  atrophic.  (Preparation  treated 
with  hematoxylin  and  neutral  carmine,  and  mounted  in  Canada  balsam.  Mag- 
nified 250  diameters.) 
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may  be  completely  obliterated,  iu  which  case  its  eiidotlieliuin,  winch  may 
have  remained  practically  unaltered  or  may  have  even  i»roliferated  up  to 
that  time,  disappears.  Occasionally  the  hyaline  substance  is  deposited  in 
drop-like  masses  in  the  immediate  neighborhood  of  the  vessels^  but  with- 
out compressing  their  himina.  These  changes  are  most  fre(iuently  met 
with  in  the  vessels  of  the  glomeruli  of  the  kidney  and  in  those  of  the  thy- 
roid, brain,  lymph-glands  (Fig.  65),  choroid,  and  retina  (iu  cases  of  lead- 
jwisoning)  (Oeller).  Vossius  and  others  have  shown  that  the  conjunc- 
tiva may  be  the  seat  of  tumor-like  growths,  composed  of  adenoid  tissue,  in 
which  the  reticular  basement  substance  becomes  hyaline,  swells,  and  ac- 
quires a  knotty  appearance,  and  in  which  tlie  cells  undergo  atrophy. 

The  mode  of  formation  of  these  hyaline  masses  cannot  be  stated  with 
positiveness,  though  it  would  appear  likely  that  the  walls  of  the  vessels 
and  the  connective  tissue  become  infiltrated  with  a  liquid  of  some  sort 
which  coagidates.  It  is  possible,  also,  that  the  leucocvtes  and  blood-plates 
furnish  a  i)ortion  of  the  hyaline  substance,  and  Oeller  believes  that  red 
bloo<l-corpuscles  also  participate  in  its  formation. 

Occasionallv,  though  rarely,  hyaline  degeneration  tyjncal  in  appear- 
ance is  met  with  in  fibrous  connective  tissue — as,  for  example,  in  tlie  con- 
nective tissue  of  the  heart,  intestine,  and  thyroid  gland — and  may  then 
cause  a  material  increase  in  volume  of  the  connective  tissue  of  the  organ 
(Fig.  66,  h).  In  the  early  stages  of  this  process  the  connective  tissue 
api>ears  uniformly  homogeneous  and  loses  its  fibrillar  appearance ;  later, 
distinct  masses  of  hyaline  material  form,  just  as  was  described  in  connec- 
tion with  amyloid  degeneration.  In  this  process  ever\*thing  included  in 
the  degenerated  area  degenerates  and  disappears — both  parenchjTua  and 
connective-tissue  cells. 

These  changes  are  unquestionably  closely  related  to  those  which  occur 
iu  amyloid  degeneration,  both  iu  appeanince  and  in  significance,  for  por- 
tions of  the  hyaline  material  may  undergo  conversion  into  amyloid,  umis 
causing  combinations  of  the  two  forms  of  degeuemtion. 

A  second  variety  of  hyaline  degeneration  of  connective  tissue,  to  which 
Virfht>w  has  applied  the  term  sclerosis,  occurs  in  old  age  as  a  rather  fre- 
quent affection  of  the  intima  of  the  valves  of  the  heart  and  of  the  arteries. 
It  is  also  met  with  in  strumous  thyroid  glands,  in  cicatrices,  and  iu  the 
ctmnective- tissue  stroma  of  timiors. 

As  in  the  first-nientione<l  form  of  hyaline  change,  the  tissue  acquires 
a  homogeneous  appearance  and  l>ecomes  tliickened  and  actually  in- 
creased in  vohmie  to  a  certain  extent.  The  contained  cells,  which  are  at 
first  preserved,  ultimately  imdergo  fatty  degenei-ntion  in  most  ciises  and 
disappear.     Finally  calcification  of  the  hyaline  material  may  occur. 

The  origin  of  this  variety  of  degeneration  is  shrouded  iu  even  greater 
obscurity  than  that  of  amyloid  degenei-ation.  There  can  be  no  question 
as  to  its  being  a  form  of  retrograde  change,  and  since  there  is  ni<Klerate 
iiu-rcase  in  volume  of  the  affected  tissue,  it  is  ])rol>al>k>  that  a  deposit  of 
w)me  sort  occxirs  iu  it.  Wliether  the  mode  of  dcvt.'li)pni('nt  of  this  variety 
of  hyaline  degeneration  is  the  sanic  as  that  of  the  first-descnl>ed  vanety, 
differing  from  it  only  quantitatively,  is  questionable.  The  degenerated 
areas  react  similarly  in  both  cases  to  staining  solutions  and  i*eagents.  al 
though  to  the  naked  eye  the  sclerotic  areas  api)ear  to  be  less  translucent 
than  the  others. 

The  preparation  pictured  above  (Fig.  G6)  was  obtained  from  the  heart  of  a 
woman  about  fifty-five  vears  of  age,  the  greater  part  of  wliich  had  luulei^ue 
hyaUne  degeneration.    Nunieroiis  hyaline  plates  and  masses  were  found  in  the 
12 
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endocardium  ond  perioardium.  The  muscle- tissue  was  in  parts  degenerated  as 
shown  In  the  ^pirv.  Ast^ociatod  with  this  couditiun  in  the  heart  there  vfOA  exten- 
sive degeneration  of  the  blood-vessels,  particularly  nf  tlie  iiit^-stiue,  tougiie,  Iuiic«, 
heart,  and  bladder.  The  pfritonHum  was  also  thickly  bei^irewn  with  hvahne 
iaai»<es.  The  fac!  that  the  smaller  hyaline  areas  and  the  peripher>'  of  the  larjjrer 
areas  gave  no  iodine  reaction,  while  the  central  portions  of  the  larp-er  areas  did  so. 
appears  to  me  to  make  the  close  relationship  between  hvaline  and  amyloid  sub- 
iitaneo  unquestionable.  And  this  is  further  supported  hy  the  fact  that  amyloid 
or^rans  occasionally  contain  area^  of  hyaline  degeneration.  It  wonld  therefore 
appear  permi».'*ible  to  advance  the  hjiKjthesis  that  ani^loid  subiitance  is  formed 
from  a  hyaline  athuminotm  body  not  reactini?  to  in*iine,  but  that  the  transition 
from  the  one  t<t  the  otlier  usually  occtu-s  very  quickly. 

Litten*  has  made  the  observation  that  portion-*  of  amyloid  tissue  introduced 
into  the  abdominal  cavitv  of  animals  undergo  a  change,  in  the  course  of  wveral 
monthcT  as  the  residt  of  which  they  lose  their  power  to  react  to  iodine  and 
methyl  violet,  although  tlieir  transparence  an<l  homogeneity  are  preserved. 
From  this  it  woiUd  seem  that  amyloid  may  at  times  l>e  converted  into  hyaline 
material- 
Van  0ie8on*8  method  of  staining  connective  tissue  is  well  adapted  to  the 
detection  of  hyaline.  It  con5i.*its  of  overstaining  with  ha'matoxylin,  and  of  de- 
colorization  and  contrast-staining  with  watery  solution  of  picric  acid  wliich  has 
been  made  of  a  hght-red  color  by  the  addition  of  a  few  drops  of  acid-furhsin 
solntiiin.  With  this  §taiu  the  hyaline  material  takes  on  a  brilliant  red  color, 
while  amyloid  assumes  a  more  orange  c-olor. 

XI.   Calcification  and  the  Formation  of  Concretions  and  Calculi. 


§  70.  It  i.'i.  on  the  whole,  n  rntlier  friMpn^nt  or<nin'enee  for  crystals,  or 
arudrphoiiK  and  i^^rutndar  nia>i»>es,  t-i)  b^.^  precipitated  herennd  tlu'iT^i  iti  the 
body;  and  wlieii  siu-h  deposits  are  iu  siifticient  amount  to  cause  harden- 
ing of  tbo  uffceted  tis.sij(%  the  n^sultmif.  fondition  is  Hpokeu  of  as  petri- 
faction, or,  when  the  dep*:»sited  material  eousitits  of  fime-sidts,  a.s  calci- 
fication. 

Sni'b  deposit  may  ocpiir  in  tissue  which  forms  an  ititejirrnl  part  of  an 
organ  atid  whieli  bHai>:  it.s  normal  relntion  tii  the  suni>umling  tissues.  In 
other  ca-ses  it  jniiy  form  an  inenistiitiun  around  tissues  which  have  been 
separateil  in  some  iininncr  from  their  suviNtuinlings.  nr  around  forei^ 
bodies  which  have  found  ibeir  way  inl*p  the  Ijinty  from  without,  and  have 
then  beeouie  the  eentres  of  «,  procfss  of  inrruf^tati'ui. 

In  the  tlrsf,  ea.se  calcification  o*  the  tissue  results;  in  the  second,  free 
coficretions  and  calculi  nre  fnrmfil.  It  is  to  be  reuieudH-red,  liowevcr, 
that  conereti+ui.'*  wliiLdi  may  have  beeti  at  first  free  may  neejistonnlly  be- 
come firmly  fittatdied  to  the  tissues  of  the  i>rgan  iu  whieli  they  lie  by 
growth  into  them  of  fiome  at  The  surrounding  tissue;  and^  on  the  titber 
hand,  a  portion  of  eahntied  tissue  may  graiinallv  undergft  sefKiration  from 
the  suiT«mndtng  tissue  and  ultimately  fonn  ii  free  eoneretion. 

The  cau.sf  of  rnHfuafitfit  is  for  thr  most  part  to  he  fotimi  in  hnil  chfingrs 
III  the  tinsues,  since  the  dep*isit  of  lime-«dts  usually  oceura  in  localities  in 
which  the  tissue  has  already  die<l  or  is  in  process  of  degeneration  and 
r.eerobiosis.  It  looks  as  if  dying  tissue,  which  has  undergone  more  or 
less  modification,  possesses  a  kind  of  attraction  tor  the  lime-salts  iu  solu- 
tion in  the  IkhIv.  and  enters  into  intimate  eonibinati(,ui  with  tliem. 
Among  the  degenerating  or  dead  tissues  wbicli  ai-e  imrtieularlv  prone  to 
undergo  caJeiftcation  we  nuiy  mention  in  partit'ular  connective  tissue  ( §  69) 

•  "  Veber  die  Arayloiddegeneration/  Dctttvche  mtd.  Wochenackitiff^  1877. 
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vhich  has  undergone  hyaline  degeneration ;  such  connective  tissue  being 
quite  often  encountered  in  the  walls  of  the  blood-vessels,  in  the  endocar- 
dium, in  an  enlarged  and  degenerated  th^Toid,  or  in  thickenings  of  the 
pleura  or  pericardium.  It  is  common,  also,  in  degenerative  areas  in  the 
walls  of  blood-vessels,  or  in  tumors,  or  in  any  other  portion  of  the  body 
in  which  hyaline  and  fatty  degeneration  are  in  progress ;  in  degenerating 
cartilage;  in  dead  cell-bodies,  as,  for  example,  in  dead  ganglion-cells 
(Pig.  68)  or  kidney  epithelium  (especially  in  corrosive-sublimate,  aloin-, 
or  bismuth-poisonuig) ;  or  in  circumscribed  cheesy  areas  of  considerable 
size. 

Calcification  occnrs,  also,  at  times  in  tissues  which  have  undergone  much 
less  degeneration  and  in  which  there  are  still  living  cells ;  and  under  very 
exceptional  conditions  it  may  take  place  in  tissues  which  show  no  recog- 
nizable change.  This  occurs  more  particularly  in  advanced  age,  when 
the  lime-salts  of  the  skeleton  are  undergoing  more  rapid  absorption,  in 
which  case  they  may  be  deposited  in  the  lungs  as  well  as  in  the  kidneys 
ftud  in  the  mucous  membrane  of  the  stomach. 

The  lime-salts  are  deposited  in  the  form  of  small  granules  (Figs.  67 
and  68),  and  preparations  are  occasionally  met  with  in  which  the  sepa- 
rate calcareous  granules  are  still  visible. 


Fig.  67. 


Fig.  68. 


Fig.  67.  —Calcification  of  the  media  of  the  aorta.    (Mapiified  350  diameters. ) 
Fio.  68. — Calcified  ganglion-cells   from  the  brain  of  a  demented  person 

affected  with  hemiplegia  and  with  a  dropsical  effusion  in  the  ventricle  of  one 

side.    (Magnified  500  diameters.) 


As  the  result  of  conglomeration  of  these  granules,  larger  masses  and 
spherules  may  be  developed  (Fig.  68).  More  frequently,  however,  a  more 
homogeneous  deposit  forms,  iu  which  it  is  impossible  to  distinguish  the 
individual  granules. 

Both  cells  and  intercellular  substance  may  undergo  calcification,  and 
when  calcification  is  in  progress  the  degenerated  tissue  comports  itself 
somewhat  differently  toward  certain  stains  than  normal,  unchanged  cell- 
protoplasm  or  intercellular  substance  does.  Thus  hfematoxylin  imparts 
a  dirty  bluish-violet  color  to  it,  and  it  usually  stains  red  with  picrocar- 
mine.  This  applies,  however,  only  to  deposits  of  carbonates  and  phos- 
phates of  lime,  not  to  those  of  oxalate  of  lime. 

Calcification  may  afiect  small  or  large  ureas  of  tissue,  causing,  in  the 
latter  instance,  distinct  hardening  of  the  tissue  and  a  whitish  coloration. 
At  times  such  calcified  area.s  are  sliai*j)ly  separated  from  the  surrounding 
tissue  in  the  shape  of  spheroidal,  spindle-shaped,  or  cactus-like  masses 
(Fig.  69  and  Fig.  70,  a,  6,  c,  d),  l>eing  in  reality  concretions  lying  in  the 
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tlMur.    5ot  iafmnttBUy  iktae  are  of  ivflleieiit  nze  to  he  rpftdtly  ruftile 


10  thr-  nak^ 


Boin 


in  the 


thfly  are  net  with  in  rmhona 
tamctn  of  thcM  menbrsa«s  ( 

{Tig.  69,  fr),  aod  in  nodular  growths  ni  toaaective  tl- 


oeear  ^kjwAogifaUy  in  th*^  form  4»f 

gfaaid  and  in  the  ehop'iii 
jaecnvlw  Rr«6ri).     Path*  i 

"   the^pia  and  dnr  .  m 

ig.  70^  iri  rra« 


rig.». 


Tig.  70. 


• 


Fio,  09. — <*iUcar«>oii#  concretions,  a,  Conoretionfl  fr»ini  an  inHnmed  omen- 
turn;  h,  t'n\cHrp.fnin  vUndji  from  a  tnb^rctiiar  lymph-ffUnd  rluit  ha.-!  imdergoDA 
ehotMy  dmrcticnition.     (Magrnified  2')0  dianifterB.) 

Km,  70.  — Sfftion  of  a  iMkamnioniA  of  the  dnra  mater,  with  ealcAr^oos 
fontiatioTi.-t.  1,  Hyalin*-  niwleated  halls  with  an  inclos^l  ^rain  >'f  falcareoua 
Tuat4*riA] ;  6,  rHlrHreoiiit  formations  «nrronnded  by  a  n  on -nucleated  hyaline  sub- 
itanc^  enf-Aj^HiilaU'd  in  an  envelope  of  fibroiu  connective  tissneic.  Calcareotis 
nodnic  *Tirrrmnd»'d  by  hyaline  connective  ti«8ue ;  d.  CalcanKjo:*  Hpiculje  in  the  con- 
nective tiwine;  r,  A  i*aloareoaASi)iculeT  with  thr»*  wparate  concretions,  em^)edded 
in  the  crmnective  tianiie.  iS^H?cimen  hardened  in  alcohol  and  then  dwalcifit'd  in 
picric  arnrl ;  the  ^(Ttion  stained  with  biemat<»cytin  and  eosin.  Majniified  200 
diametent.) 

Th<»  formation  of  these  boilies  may  y>erhap8  he  b**«t  desoribed  as  it  occurs 
in  the  pRftniniornutft.  S^pnic  i>f  th*-  n-lls  of  the  tissue  (Fig.  70.  a,  b,  r)  or 
A  t'irciiHifWTibed  area  of  counertive  tissut'  (Fig.  70.  ti)  iin<lergr>  liyaliue 
degftnernlioii,  tJio  nuclei  beinj:  at  first  presen'ed.  but  later  lost.  Id  thi-s 
way  Hiiiall  liyalirie  spberical  area.s  im-  fonne<|,  and  in  these  the  dt*pr»sit  of 
limi'ouilrs  ttikea  phicc.  The  more  sfihcroidal  concretions  would  appear  to 
be  fonm-^l  from  infiwHes  of  deffencrated  cells,  while  the  longer,  spin<lle- 
Kha|H*(|  concretions  seem  to  have  their  ori^n  in  the  connective  tis.sne. 
thouffh  it  would  seem  that  the  spheroidal  masses  may  alw*  be  fonned  in 
it,  The  variety  of  connective  tissue  which  undergtK's  this  calcification  is 
the  ordinary  wFiile  Hltnms  tissue,  but  concretions  may  iilw^  occasionally 
f4ii*ni  in  the  conn<»ctivo  tissue  8um»nnding  the  blood-vessels. 

§  71.  Tlie  nnltnnry  ]»etrifaetion  or  calcification  of  the  tissues  results 
from  iidfpohif  (tf  cnrbntinte  and  phusphatc  of  lime,  to  which  occasionally 
mJ^^rrle^i^lIn-HaIts  nrc  H<hlrd.  In  certiiin  stiites  of  the  body,  however,  a 
deposit  of  uric-acid  salts  takes  ()lacc.  This  is  notably  the  case  in  gout, 
in  wbicJi  nn  excess  of  tine  acid  ^iccunuilates  in  the  body  as  the  n^ult  of 
rlirnnic  (listnr})Bncc  <if  nutrition. 
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Gout  iH  iisnally  iiiliorited,  thonph  it  may  occasionally  Ix*  iiciiuiifd.  It 
is  of  very  frequent  Dfonnvace  in  Eiif;flautl  iinil  in  nortlicm  (iefniany,  b:it 
is  rare  in  other  l^icalities,  as,  for  oxanipk*,  m  wmtliMTi  Ufrmiiny.  As  to 
its  ultimate  cause  we  kiiow  practically  rtothinp.  It  is  diaracterized  chicHy 
by  the  deposit  in  tlie  body  of  urates  (Fig.  71,  b)^  particularly  of  sodium 
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Fio.  71. — Deposits  of  orates  in  the  knee-joint,  in  a  case  of  eout.  a.  Condyles 
of  the  f t'luur ;  b,  Deposits  of  uratos  upon  the  cartilaginouR  surface.  (Two-tlnrds 
natural  size.) 

urate,  with  which  small  quantities  of  carbonates  and  phosphates  are 
sometimes  assiociatcd.  The  deposit  of  these  salts  is  usually  accompanied 
by  symptoms  of  a  very  acute  nature — pain  and  iiillamniatioti ;  thoupli  at 
tunes,  when  the  dep^tstt  takes  pla<*e  vuiy  slowly,  there  may  be  no  chanic- 
tenstie  aeute  attiuJc.  The  kidneys  and  the  skin  and  subcutaneous  tissue 
are  perhaps  most  often  affei't^-il,  tliouph  deposits  may  also  take  place  iu 
the  tendon-.sheaths.  the  tendons,  li^iiiienls.  synovial  inem!>ranes,  and  ar- 
ticular cartilages  (B^i^.  71),  and  may  ultimately  be  fomid  in  nearly  every 
organ  of  the  Vwly.  The  metatarsopluUangral  joint  of  the  great  toe  is  a 
favfirite  site.  The  deposits  i-onsist  for  the  most  part  of  bunches  of  fine 
aeieular  crystals  (Fi^.  72)  anti  lie  usually  in  ne<'rotic  tisHue,  which  fact 
has  led  Ebstein  to  infer  that  the 
urates  cAusi*  necrosis  of  the  tis- 
sue in  which  tliey  have  l>eeu  do- 
positod. 

Fig.  72.— Deposit  of  needle- 
shaped  cr\*stals  of  urate  of  soda  in 
the  artieidar  cartilapre.  (Aft*TLan- 
oereaux.    Ma^nitiud  'JOO  diunieicrs.) 


The  areas  in  which  this  inemstation  and  necrosis  have  oceun-ed  are 
at  firwt  small,  lait  soon  cause  inflammation  and  proliferation  iu  the  sur- 
rounding tissue.   These  areas,  with  the  owiurrencc  of  fresh  deposits,  may 
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iucrease  iu  siiw,  nnd  in  this  wny  ofton  attain,  iift^T  n  time.  Ponsi<leTa}tIo 
dimensions.  These  Iftrjjer  deposits  are  ealU^d  tophi,  Ihey  eonsist  of 
white,  plaster-like  substance,  aud  jit  times  forui  lar^e  romided  musses, 

nuiir  especially  in  the  juinta 
l\  %m  ^mm..mn'  ami  Triidims  (Fig.  T,\). 

In  the  joints  the  artieu- 

lar  f'aHilnge  looks  fit  first  as 

if  it  bad  been  sprinkled  over 

with  i>hister  4it"  I'ans  (Fig. 

71^  b),  hut  with  time  the 

white  substanee  penetrat/« 

deeper  ami    deeper  tuto  it, 

until  finally  il  niay  ju-rme- 

ate  the  whnli-  4'artihi>re.    In 

the  kidney  the  nrenpsis  of 

tiwsue    aud     inH«nimat<tr)' 

condition  eonseqin-nt  n|K)n 

a  deposit  ut'  itrate^i  may  lead 

,       vm/jiM  jKi    uy  4  \  t^  induration  and  eontruc- 

^^\\f//m  \mi  lll^ /^^^^         ^^^  '*^  '^*^  oi^n.    The  de- 

\  A   xiH  l-W^liV  f'*^^-^  i         posit  is  irioi-e  abtinttant  in 

XGI. \        tlie  medullary  JiJubstanee  of 

the  kidney,  bnt  is  also  met 

with  in  the  eortex. 

Aeeoixhng  t(j  (Jarrod 
aud  Ebstein,  the  a<-nte  ex- 
acerbation in  pont  rfejjends 
upon  exuessive  aeeuinula- 
tion  of  uric  acid,  either  as 
the  i-esult  at'  deficient  excre- 
tion by  the  kidneys  (Gar- 
nxl)  or  because  of  local 
ehaiifics  in  the  affected  tis- 
sue (El)HteiTi).  Pfeiflfer  ex- 
plains it  by  supjM)sing  tiiat 
the  deiiosits  of  salts  dejiend 
simply  ii[K>n  the  presence  in 
exct^ss.  in  the  body-)i<juids, 
of  a  siibslani'c  which  is  s«d- 
uble  with  diiliridty  in  thenj, 
and  wliich  therefore  may  ver\'  r«*adily  l>e  deposited  in  \aritMis  part.*i  of  the 
body,  sometimes  accuimdating  then*  in  such  quantity  as  To  indnee  a 
hM'alized  lu'crosis.  The  syniptoTiis  of  tlie  attack  are  supposed  to  depend 
n])on  a  temporary'  inert»HS<»  in  alkalinity  of  the  liqiiids  of  tlie  IxkIv,  cn- 
ablinj;  them  to  dissolve  and  absorb  a  |)ortion  of  the  deposit(^d  salts,  in 
the  iH>nrse  of  which  pmcednre  pain  an<l  intiammation  are  induced.  Von 
Noorden,  on  the  other  hand,  considers  uric-aeid  formation  and  deposit 
to  be  a  secondary  p}ieTinrneiioii,eaiiseil  by  the  pn'sence  of  a  hn-alizetl  fer- 
ment of  some  sort,  and  unite  indepi'iitlent  of  the  amount  aud  condition 
of  the  uric  aeid  fomieil  in  other  parts  of  the  IwMly. 


■^ 
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FlO.  73,— Gouty  nodes  of  the  hand. 
Lancereaiu.) 


(After 


§  72.   Free  concretions  occur  most  often  in  ilnets  nut\  m  cavities  of 
the  body  which  are  lined  by  epitbeUtuu,  as  in  the  intestine,  in  the  ducts 
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of  the  ginnds  ixmnnt^  their  st'fretioiis  into  the  int4*stine,  in  the  pall-blad- 
der, ill  t!ie  iiiMimrv  passiiges,  and  in  the  ivsjiiratory  jMifisjigcsi.  The  eou- 
crvtious  iiecasioiially  met  with  in  thei  Inniina  of  vessels  and  in  serous 
cavities  might  also  he  inehith*d  in  tiiis  ^^i-oii]),  althinij^h  they  are  for  the 
most  part  f-losely  bound  to  the  surrounding  tissue. 

Alt  free  concrHhuH  /mrc  an  ortjanic  im.tis  or  nucleus.  Thus  enteroliths 
whi«'h  form  in  the  intestine  have  a  ba-sis  of  ins|>issated  fii'ees,  or  hairs 
(})07.oHr-stones,  a'gagropila'),  or  indigestibk'  veg^'tJkbU*  mat**i*iidj  or  some- 
thing of  the  sort,  in  wljieh  phosphates  of  ammonia,  magn*'sia,  and  lime, 
and  curbouatt'S  are  deposited  in  varying  propoi-tions,  aecording  to  the 
iiatiu'i!  of  the  food  taken.  Tlie  turtnr  of  tlie  teetli  is  fonned  by  the  de- 
posit of  Unie-s^ilts  in  parti(dos  of  toad,  nmcus,  or  masses  of  bacteria,  whieli 
<;ollf*i't  upon  tiio  teeth;  and  it  is  probable  that  tiie  caleaU  wliieh  form  in 
the  fhicts  of  the  stdivary  glands  and  in  t!ie  duets  *^f  the  pauereas  originate 
primarily  from  a  substanee  derived  From  the  ei>ithelium. 

Brourhiid  atlfuli  result  frcun  llie  deposit  of  lime-salts  in  dried  and 
thiekened  bronehial  seeretitju  ;  ami  the  stones  found  iu  ai-teries  and  veins, 
from  calcification  of  tluMunhi. 

Onil'Stoneit  often  »eeni  to  be  nuule  up  entirely  ttf  crystnlliue  material ; 
but  by  the  emph)yment  of  suitnble  methotls  of  examiuation  it  is  always 
possible  to  show  that  they  also  contJiin  a  nitrogenous  basis.  They  are  for 
the  most  part  spheroidal  or  faeeted 
noueretious  of  various  sizes,  wh(>sc 
cleavage  suggests  a  crystalline 
structure.  SevenU  varieties  *  »f  gall- 
st<nies  are,  in  fact,  distinguished 
according  to  the  substano*  depos- 
it*?d  in  them. 

Thus  there  an>  gall-st^ines  com- 
posed of  eholesteriu  alone,  or  cho- 
lesterin  anil  hile-pigment,  others  of 
biliruhin,  others  of  bilivenlin  and 
lime,  and  still  others  nf  earlmnate 
of  lime  aliuu'.  The  nmst  freijuent 
aiv  the  first  two,  and  tlic  calculi 
composed  <d'  them  liave  a  ray-like, 
crystalline,  and  sometimes  stratilierl 
in  proportion  to  theh*  content  of  bile 

If  the  cholestcrin  of  one  af  these  gAli-st(>nes  he  dissolved  out  by  ether, 
it  will  be  found  that  a  i-ather  yellowish  substanee  reiuaius,  which  jtre- 
serves  the  shape  of  Mu»  original  stone,  and  which,  when  embeddeij  and 
cut  for  niici'<>scopt<i  examination,  will  be  fonnd  fo  c(>nsist  of  a  delicate 
homogeneous  nuirerial  (Fig.  7">)  iu  which  there  are  usually  ra<liating 
spa^'es  formerly  occupied  by  tin*  crystals,  and  which  fivquently  shows 
concentric  stratification.  It  is  possihh'  to  demon.strate  n  similar  ground- 
stibstance  in  other  calculi  after  solution  of  their  contained  salts. 

Thei'e  can,  tlien,  be  no  doubt  that  gall-st^mes  also  are  the  result  of 
incrustation  of  an  organic  substratum  in  all  ])ro>>ability  derived  from  the 
mucous  niembraiu'  of  the  bile-ilucTs  and  giillddadder.  (rail-stones  are 
more  apt  to  form  in  advanced  life.  Naunyn  is  ver\*  positively  of  the 
opinion  that  stagnation  of  the  bile  in  the  biliary  passages  is  a  universal 
cause  of  their  fitniiatiun,  that  tliis  I'ondition  jind  disease  of  the  miu'ous 
mendiraue  lead  to  desiiuaiuation  aud  degeneration  of  the  cpitheliiuu,  and 


Fill.  74. — Faceted  coneretions  from 
tlie  pill-hludd(*r.     (Natural  size.) 

(deavage,  and  are  white  or  colored 
pigment. 
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that  ill  this  d^'bris  the  ileposit  of  choKfsteriu  and  biJe  coloring-matters 
takes  plact^  In  wint'onnity  with  this  view  is  thfc  fact  demonstrated  by 
Steinmaun  that  idbiiniiuous  substances  ore  L'apabiv  of  pi*ecipitatiug  limV' 
fn»ni  solutions  in  which  it  is  present  as  chloride  or  sulphate,  in  the  fonn 
of  earbonate ;  and  he  has  shown  tliat  the  shells  of  moUusks  aiv  jji-odueed 
by  ualciflcatiou,  in  tiiis  way,  of  mucous  material  ehibonited  by  the  mantle 


Fig.  75.— Trausvoree  flec- 
tion of  a  ^imatl  »o-caIlfd  cho- 
lest^riii  ralrulu.s  aflt^r  the  re- 
moval of  nil  the  cholesterin. 
{Maj^LtieiJ  15  (liameteri^.) 
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epithelium.  When  a  concretion  has  once  started,  its  growth  continues  as 
the  result  of  fresh  dcp(»sit>s  of  <lcgcnerated  mat^^riid  which  is  incmsted 
with  cholesterin  and  bilc-pi^neiit  a»  before,  and  so  on.  At  the  same 
time  the  oritrinal  softer  nucleus  of  the  concretion  unilcr£r(>es  a  chanjGre  in 
that  its  s<_>Ud  ingredient.-?  APcni  to  be  attiwtcd  to  the  denser  periphery  of 
tht^  jitone,  while  itj^  oi-fjanie  ingredients  may  liquefy.  Tliis  accounts  fi»r 
the  occasional  presence  of  a  cavity  tilled  witlj  lirpiid  in  tlie  centre  of  giUl- 
stones.  In  time  cholesterin  tills  this  cavity  mu]  m  great  part  replaces  the 
bile-i>igmeTit  in  the  remainder  of  the  stone.  C'arbonat*  of  lime  may  also 
be  deposite*!. 

Gall-.<itones  consequently  oceur  where  epithelium  of  the  mucous  mem- 
brane is  degenerating,  ami  it  is  pr<!bable  tliat  mnch  of  the  cholesterin 
whii'h  c<irn]M>ses  these  masses  is  derived  from  its  protoplasm.  The  chalky 
deposits  stained  with  bilirulnn  have  their  origin  in  the  Uiiie-.'^Uts  secreted 
by  the  mucous  membmne,  and  their  precipitation  would  appear  to  be 
aided  by  the  presence,  in  the  secreted  mucus,  of  the  degenenitiug  all»u- 
miiious  niaterinl.  Of  course  the  cause  of  the  cpitheliid  degeneration  is 
inflummatiim  of  the  bilM-pussages,  wbidi  nuiy  be  brought  nlxiut  by  stag- 
nation of  the  bile,  or  pi-rbaps.  also,  by  penetration  of  bacteria  iut<i  the 
eommon  duet. 

FiniiUy,  Rbstein  has  showTi  that  the  roncrffiona  tttul  osJfuli  fountl  in 
tht  ttrittfti'ff  pfisHtufes  an^  also  conipotsed  of  aiialbuminnus  str'Uiia  in  which 
vainuus  ingredients  of  the  urine  have  been  deposited.  These  concretions 
ai^  deseriberj,  aee<u*(ling  to  their  situtdion.  as  oeeumng  in  the  kidney  or 
in  the  uriiuii-)-  jmssagcs  leading  frf»m  it.  In  tlie  kidney  they  are,  as  a 
nde,  small  deposits  which,  ns  already  alluded  to  in  §^  70  and  71,  may 
form  in  tbi*  tissue  of  the  kidney  or  in  the  lumina  of  the  unnary  tulndes, 
in  which  latt^-r  rase  they  are  interspersed  with  debris  of  the  tubular  epi- 
thelium. This  is  true,  for  the  most  part,  of  the  calcitications  which  are 
observed  in  eases  of  poisoning  by  corrosive  sublimate,  bismuth,  and  aloin, 
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'an<l,  more  rarely*  in  poipoiiinj^^  l»v  i)liosi)he)nis,  |M>taHsiuTn  vliromate,  and 
i>xali<;  avid.  It  is  also  tnn'  nt'  at  It'ast  stune  (if  tlit'  ^outy  deposits.  Fur- 
thcrinort*,  ooueretions  nf  uvU'  lU'id  aw  fnMiiiriitly  met  with  in  the  uri- 
niffrona  tubules  of  eliildren  wlitt  have  di*'d  ditring  the  iirst  two  wee]vstip 
so  of  litV.  Th<'v  impart  to  the  rnrdulhirv  ]MKti<ni  of  the  kidney  a  distinct 
streaked,  ycllowisli  a|>p4^Hran"M',  thi*  contlition  licin^  sjxiken  of  as  uric- 
ttciil  ittfitrvfioH  of  thf  inu-boru.  Tht-  epithelium  liniii].'^  the  tubules  in 
whieli  these  eoiicretiou.s  are  tVunid  ir^  for  the  luost  part  well  preservwl. 
hut  in  plaerfi  slij^^ltt  des(|uainatiiui  and  ilejjeneratiun  of  the  drs(iujimat4'<l 
eelLs  will  he  found.  In  t)u"  luiiiiiia  of  the  luhulen  art'  iiiauy  small  spher- 
ules (Fip.  76,  h),  radially  striated,  rolorless,  or  slif4;htly  brownish,  and  eoin- 
posed  eliicHy  <if  urates  or  of  urie  arid.  On  snhitiou  of  the  urie  aeid  a  Hue 
delieate  stroma  renuiins  (Fi^.  TO,  c).  If,  as  the  result  of  the  presenee  of 
these  uoueretions,  furtlier  desquamation  and  degeneration  of  tlie  epitbc- 

Fin.  7t{.— Uric-ar'id  infarc- 
tion from  a  new-bom  child. 
Triiiisverse  >eptiou  of  a  pyra- 
mid of  tlie  kidney,  a,  ColiiM't- 
i])^-tube  of  the  [Hipillary  zniie 
of  1  he  medullar^' pori  ion ,  seen 
in  transvierse  section  and  as 
vet  in  a  normul  condition  :  6, 
Dilated  coUecting-tubes  tilletl 
with  urie-aeid  coiieivtionR;  c 
shows  what  reniains  in  one  of 
rhe»e  tubej*  after  the  concre- 
tions have  been  extracted 
by  the  aid  of  water.  (Speci- 
tnen  hardened  in  alcohol, 
stained  with  ha-nmtoxylin, 
and  niouiiled  in  ('jinada  bal- 
sam. Thepnrt  at  c  was  ilniwn 
from  anotlier  spei-inieu  which 
luid  been  allowed  to  soak  for 
some  time  in  water.  Magni- 
tied  2U0  liiameters.) 


lium  takes  place,  leadinpr  to  the  formation  of  considerable  albuminous 
degenerated  material  in  the  tubules,  .sonn^  of  the  snwdler  e<»ricretiony  may 
jfraihially  *rniw,  as  the  result  of  aeeretion,  tt>  stones  of  eousiderable  size; 
hut  this  is  unusual. 

Ctunretioiis  may  also  form  in  the  peh-ia  of  the  kidney,  in  the  ureters, 
in  the  btailder,  in  the  urethra.  f>r  even  under  tlie  prepuee,  in  the  form  of 
sand,  finivel,  itr  ealeuli.  The  last-mentioned  are  spbevnidal  or  oval  in 
shajM>,  as  a  rule,  and  may  be  sinootli  uimn  the  anrfaee,  or  rfmjjrh,  mulberry- 
like or  eoral  Uke  (Figs.  77  ami  7S).  When  sevenil  st^mes  lie  together, 
their  aiijaeent  sui-faees  nsnnlly  lieeome  fa<'eted,  a.s  sb4>wn  in  Fij(.  78. 
When  they  occupy  the  pelvis  of  the  kiiiney,  their  shape  not  infrequently 
quite  aeenrately  represents  the  shape  of  the  jielviK. 

Seen  in  seetion,  urinary'  ealeuli  are  sometimes  homopetieons,  at  other 
times  distinctly  .stratified  (Fi^;.  7S|  or  radially  streaked,  and  often  show  a 
nnelens  and  several  distinet  zones  of  different  appeantnee.  Ebstein  has 
tihown  that  in  these  ealeuli,  alsr>,  au  fu-rriude  substanee,  albuminous  in 
nature,  is  left  after  H<ilution  of  the  various  salt.«.  In  stratified  ealeuU 
this  Klroma  alscj  ^hows  stralifieation,  often  wilh  nwlially  disposed  slita. 


« 
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When  stratifti'ati^m  is  absent,  it  is  composed  of  a  network  of  irrenrnlar 
oonatmetion,  or,  more  rni'ely,  of  a  lumiopeiieous  mass.  Thei-e  woulil 
seem  Lo  be  little  (luu1>t  that  the  i^rvstalliue  bodies  are  depotjited  in  this 
stTumu,  partly  iu  the  spaces  and  partly  in  its  substance.;  aii<l  ir  is  also 
most  probable  that  the  .stroma  itself  is  a  pro<lui't  <if'  tli»'  ]mK!:oiis  juetubrain- 
of  the  urimiry  pajisages,  whose  formation  is  assisted  by  the  mteiimiilatton 
of  debris  and  inuens  eonse<iueut  upon  4-^taiThal  iiiflamniatioti  or  t^txic 
degeneration  of  the  epithelium. 


FxK.  77. 


Pic.  78. 


-','#>■'  .  ^.i- 


Pio.  77.— Coral-shaped  stone  from  the  bladder,  conijHiR^'d  of  oxalate  and 
Iihcmplmtt!  i*(  lime.     (Natural  size.) 

Fiu.  7H.  -  Transversf  ftfction  of  two  stoneft  from  the  bladder,  closely  fitted 
lof^ethvr,  and  (■oiiip4>sed  uf  urate  of  soda  and  amuiouiu-iiiagiiesiiim  phosphate. 
(Natural  iji/.e.) 


What  partioular  substances  are  deposited  in  any  given  ease  of  stoue- 
t'ormatiou  depends  uivon  a  variety  of  circumstances.  When  the.  nric-aeid 
diathesis  is  present  eoineidently  with  the  condition  of  epithelial  degen- 
eration neeessjiry  to  the  fonnalion  of  a  ealeulus,  urates  are  usually  de- 
posited.  Uecoinposition  of  the  urine,  with  fomiation  of  anirnouio-ma*:- 
nesiuni  phosplmte,  ^v«'s  the  coudilirm  necessary  for  the  forjnation  of  » 
phosphiitir  italcubis.  rystin  cdh-uli  may  form  when  eystin  is  exert-tcd 
by  tb*'  kicliicys  as  the  result  of  pt^i'iiliar  nietanior^khoses  of  albuminous 
material  iu  the  int^'stine,  brought  nbuut  by  Imctcria  (BauinMnii,  v<iu 
Udransky,  Hrirger).  "VN^en  a  calculus  iuis  om-c  begun  to  form,  tlie  irri- 
tatirm  of  the  mucous  nienilu*ane  whicli  it  produces,  and  the  diM'funposi- 
tiou  which  result*!  fmm  statr»«tif>n  of  the  iinne,  cruise  its  further  grviwth 
by  t'resii  accivti<tu,  and  in  the  same  way  J'ort'iijn  /V^ffjV.v  whicli  have  in  any 
manner  found  tlieir  way  into  tlie  bladder  may  act  as  a  uHchuafor  a  cat- 
vnUts. 

Urinary  calcidi  are  clasgiflet)  according  to  the  substances  of  which  they  are 
coinpOBfd,  as  follows: 

1 .  Cataiii  composeti  chtejhf  of  wnc  add  or  urates. 

Pure  uric-act<i  eatcuti  arc  for  the  most  part  small,  hard.  They  are  yellowi.^h, 
reddish,  or  bi-uwniah  iu  vulor. 

Calculi  oj  uraU-n  are  raipJy  pure.  They  arc  usually  covered  on  the  surface  by 
coatlnp^  «f  oxalate  of  lime  ami  amiiioiiici-nitt^csium  pltosphatc, 

2.  Cnlndi  composed  chiiih/  n/ iJiosphatrs  nntl  fatrhonates. 
To  this  group  beloTv:^  cnU-uli  cutmmsed  oj'cfitcirim  phosphattf  amwonio'i 

phosphate,  and  caldum  carbonate.    The  last  mentioned  are  rare.    All  these 
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are  white  or  erayiab.    Those  composed  of  the  triple  phosphate  are  soft  and 
friablu  ;  tbn  others  iire  hard. 

'S.  Calculi  a/mpuged  of  calcium  oxalate.  They  are  hard  and  rough.  Their 
color  is  bniwii. 

4.  Calculi  composed  of  ctjutin.     These  are  soft,  waxy,  and  browtush  yellow. 

5.  Calculi  comf/vsfd  ofjMtithin.  These  are  eitmabar  rej  in  color,  smooth,  and 
their  fra<?ture  ia  eartbv. 

Kbstpin  and  Nict>laier  succeeded  in  producing  urinar>'  calculi  artificially  by 
fi^fding  anitaals  with  oxamide,  an  auininniuui  derivati^  of  oxalic  acid^  us  the 
re&ult  of  which  concrelionti  of  n  greenisb-yellow  culor  forrrittd  in  tbe  urinary 
passages  of  dogs  and  rabbits.  These  were  found  to  be  composed  nf  oxamide 
and  to  have  a  concentrically  stratitied  structure  with  radial  striations.  They 
possessed  an  albuminous  stroma,  which  resulted  from  desquamation  and  neci"0- 
aia  of  the  tubular  epithelium  induced  in  the  exoretiou  of  the  oxauiide. 


Xll.  Pigment-formation  in  the  Tissues. 

§  73.  Pigment  is  uornmlly  present  in  eonnwtive  and  epithelial  tiysues 
in  several  parts  of  the  body  (autochthonous  pigment).  It  lies  within 
the  t'ell-bodies  iiiul  I'onsistA  of  yellow,  biHiwn,  and  black  tfraniiles,  or  is 
diffuse,  imparliu^  its  (lolor  to  the  eeJlpnito[)la?-nL  Airntii]ir  tiit*  <']iitbelial 
structures  <*<mtainiug  pigment  may  be  riieutioned  (he  deepest  layers  of 
the  vi'te  Malpi^Hiii  whii'h  in  all  the  e<4or«d  partti  of  the  stdn  coutaiu  pig- 
iiifMt.the  hfiir-s  the  pijrnient  epithelium 
of  the  ivtina,  and  many  gan^liim-eells. 
In  the  skin  the  pigment  grannies  are  for 
the  most  pai't  yellow  and  bi-owu  ;  iu  the 
retina,  black  (tuflitttin  gnnuilfs).  When 
the  skin  is  unusually  dnrk,  other  layorn 
of  the  rete  Malpighii  contnin  pigment 
also.  Among  the  ennueelive-tissue 
structures  wliieb  may  contain  yellow 
or  brown  pigmeuL  granules  are  tfie  cells 
of  tbe  pia.  of  the  fh<troid.  of  thi-  sclerotic, 
of  the  cutis  veru,  and  of  the  heart- 
muscle. 

Under  various  physiological  and 
pathohtgieal  conditions  this  normal 
pigment,  of  antochihoninis  origin,  may 
increase  in  amount.  Thus  durimj  pretj- 
iKiufif  tfw  pigtintif  of  the  skin  ifsiutfit/  i»- 
t'rr<tsfs  Hiotf  or  h'ss  (rhloastna  ufrtiutim), 
particularly  iu  brunettiw.  In  AiftHsoii'if 
(iisea.sc,  which  wouhl  appear  tt>  depend 
upon  changes  in  the  suprareruil  cap- 
sules, decided  pigmeutatitm  <»f  the  skin 
o<!Cura  as  the  result  of  increase  of  the 
normal  pigment.  In  ntrojihie  cnndi* 
tiousof  the  heart-nuisrle  tbere  is  usually 
increase  of  its  pigment,  and  atrophy  of 
the  voluntary  mu-scles  is  <nU'n  ai*etim- 
panied  by  au  a^MSumulation  of  yellow 

FlO.  79.— Large  hairy  pigmente«l  mole  over  the  lower  part  of  the  hack  and 
on  the  posterior  asppct  of  the  hip.  with  scattered  spots  of  discoluratiou  over  the 
trunk  and  shoulders.     (From  Rfihring.) 
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pigment  in  the  fibres.  In  old  persons  iht-  smooth  rausole-flbres  of  the 
int^\stiut^  always  contain  more  or  less  ])ijfminit. 

The  most  intense  pfraUes  of  putholofnejil  pifymentation  are  met  with 
\n  frecklfif,  in  pigniefthd  molett  {F'\^.  71H,  and  in  various  pigmented  tumors 
{meUiHotic  tumont).  The  amount  of  pigment  may  Ih'  so  great  as  to  impart 
a  pei-feetJy  Itlack  vaAuv  to  the  tissue. 

The  pigment  is  for  tlit*  iiKi^it  part  ctmtained  in  the  cell-lwdies,  though 
it  is  oe(!asifmidly  iii  tlic  intcrrtdluhir  suhstancc*  ids(».  and  is  eomposed  of 
yellow,  hrowii,  or  hhw-k  gratmles.  Oecasi(pnallv  "■■ells  Hre  diffusely  colored. 
In  Addison's  disi^asi'  the  pignieut  granidrs  «n'  sitnutrd  puitly  in  the  i-pi- 
thelial  r^ells  lying  next  the  eonnective  tissue  of  tiie  cntirlr  (Fig.  80)  and 
partly  in  hniru'lird  conniH^tive-tisKueeells.sumfof  the  jtigmented  hrunehfs, 
as  a  ridf.  e.vt*'U(ling  up  between  the  epith^'liul  cells. 

In  pigmriited  s]M)ts  in  the  skin  and  in  melanotic  sareonmta  the  pig- 
ment is  to  a  great  extent  <'.ontaiiied  in  lai^e,  specially  diffi'ifutiated  eoii- 
neetive-tissue  eells,  in  |Mirt  also  in  ordinary  eniineetive-tissue  eells  in  tJie 
neigliborhood  of  blood-vessels  and  in  their  walls. 


/ 


/ 


Fio.  80.  A  and  B.— Pigmented 
colls  of  the  skin,  from  a  eaae  of 
Addi.soirs  disease  with  chersy 
tube reu U >sis  nt*  XhyX ti  snipriri-nal 
capsiih's.  rt.  Pigmerilt'd  (,'pilhelial 
ceils  from  the  deepest  layer  in  » 
seetiMii  made  at  ri^lit  angles  to 
the  sm-fare;  A,  '*.  Pigmented  epi- 
thelial cells  from  a  sec'tii>n  made 
in  a  plane  parallel  with  the  sur- 
taee  ;  B,  hy  Kpitlielial  cells  coutaiu- 
injr  no  ijignient ;  Ci,  c,  Xacleated 
pi(jmeixTe(i  connective- tissue  cells, 
the  terminal  processes  of  which 
piL-ili  tln'ir  way,  in  B,  between  the 
Hpitlieli»l  cells;  d.  Pigmented  ter- 
miiml  pro<'esses  <if  cells,  {Speci- 
men hardened  in  alcohol,  slJiined 
with  fnemaNtxylin,  and  mounted 
in  Canndn  balsam.  Magnitied  350 
diameters.) 


S()  far  as  may  be  infenrd  from  histjdogieal  examination,  the  piffmatts 
u'h'uh  ifi'  h/riT  hft'H  ttpsn-iftiut/  arr  ffif  resuff  of  ti  spfeinl  kind  of  r.t'U-fictinty^ 
and  we  must  sn]ipo.si'  tlmt  many  eonneetive-tissne  cells,  gjinglion-eells,  and 
mns<'le-cells  are  able  tn  t'drni  iiignicrit  out  »»f  tlie  malerial  bronglit  to  them. 
The  pigment  wouhl  uppeju"  to  be  formed  f4>r  the  most  jmrt  where  it  is 
found,  though  it  has  bei-n  shown  that  ir  may  at  times  be  transporte<b 
and  that,  the  )ugnicnt  <d'  llie  .skin  in  jiarticiilar,  as  well  as  thut  of  the  hair, 
is,  in  part  at  Ica-st.  fonncil  in  ccpinu-ctive-tissne  ri*lls  lying  chjse  inider  tlie 
n'te  Malpighii.  nud  sendini;  bnnm-bing  pnM-esses  between  its  ejalhelial 
cells,  from  which  the  pigment  is  taken  int<'  the  epithelial  cells. 

It  is  even  more  diftienlt  to  determine  the  source  of  tlie  nniterinl  fnmi 
which  the  jngmcnt  is  chiborated.  Tbefrei|uenl  proximity  of  the  pigment 
1<»  blood-vessrls  seems  to  indiente  that  its  antecedents  are  derived  from  tlie 
bU«id,  and  many  accept  the  theory  without  question  that  the  augment  is 
derived  from  the  cohiring-matter  of  the  IiIoikI,  It  is  distinctly  against 
this  view,  however,  that  wlieri  pigment  i«  fimud  in  the  neigliborluxxl  *»f 
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vessels,  these  are  not  capillnries,  as  a  rule,  but  arteries,  from  which  eseape 
of  l>!uiHl-])ij;meTit  roiilil  luirilty  ncciir,  nud  that  any  rhaiip*  in  tho  Vihunl 
itself,  Lir  ill  the  ueighliitrliuud  of  tlie  vessels,  suggestive  of  hreuking  dowa 
of  the  blood-eoi-puseles  nud  escape  of  pigment  fi*om  them,  is  usiuiily  en- 
tirely lacking. 

The  attempt  has  consequently  been  made  to  solve  this  question  by 
cliemii'al  means,  with  the  result  that  several  facts  have  been  discovered 
teniliiig  to  show  tliiit  tlie  pigments  are  piMxlucl.s  of  cell-activity  and  are 
formiMi  from  idbunjinous  bodies.  In  tlie  first  place,  it  has  been  shown 
that  the  various  pigirients  differ  t.o  a  ('oiisi<lcrablt^  extent  in  conipftsition. 
In  the  course  of  investigations  in  von  Nencki's  laboratory  a  hrowuish- 
bhick  amorphous  pigment  containing  a  distinri  Imt  vwrinble  quaulily 
of  sulphur  was  separated  from  human  hair.  Tlie  pigment  of  the  choroid 
was,  oil  the  other  liaiid.  shown  to  be  devoid  of  sidpimr.  The  niet^istases 
of  a  melanosareoma.  whicii  Iiad  its  origin  in  a  pigmented  mole  of  the 
skin,  contained  a  pigrueut  free  from  ir<)n,  i)ut  rii;h  in  sulpfnir,  insoluble 
iu  alcohol,  water,  and  ether,  soluble  in  ammonia,  and  alkjdine  carbonates. 
Von  Neut^ki  has  uanu'd  tliis  pigment  phifmutorhusiu.  TwooIIut  nielano- 
sarcomata  exaniined  V>y  von  Ncncki  iind  Sieber,  however,  (.M>ntained  no 
phymat^'a'husin,  and  tliey  are  ronvinccd  tfmt  tlie  iiigincriit  f(»nned  iu 
Addison's  disease  is  also  different.  Hlark  pigment  from  a  melanotic  sai*- 
c<m]a  of  a  horse  was  also  iron-free  andcontained  sulphur,  Uiough  iu  snuiUer 
amount  than  the  pigment  from  the  human  meJanosarcoma.  Vou  Xeneki 
has  I'rtlled  this  hipjuimtltmiu.  Carbone  also  failiMi  to  find  iron  in  a  niel- 
luiosarcomaf  while  Brandl  and  Pfciffer,  on  the  other  hand,  found  in  a 
melanosavfvoma  ^!.7  |>er  n-nt.  of  snlpliur  and  0..V2  per  cent.  4>f  iron,  and 
Morner  <(htain<nl  0.2  per  cent,  of  ir<UL  from  another.  Finally.  WaUach 
ubt^tiued  a  reaetion  for  iron  by  treating  portions  of  a  melaiiosarcoma  with 
aqua  regia  and  potassium  forroeyanidc. 

Notliing  can  hv.  said  with  rerlainly  as  to  the  twnu'ce  of  the  material 
from  which  the  cells  fonn  pigment.  The  mei*e  fact  that  the  i»igment  of 
melanotics  tumors  contains  iron  is  no  proof  that  it  is  derived  from  the 
heemoglobin,  since  tumors  often  eontain  disintegrated  IiUhhI  in  addition 
to  pigment.  At  all  events,  one  lintls  here  and  there  in  melanosart'omata 
yellow  granules  which  give  the  reaction  of  hnmiosiderin  (ef.  «  74),  while 
the  majority  of  tlie  pigment  gninules  do  not.  But,  on  the  f>ther  hand, 
failure  to  obtain  a  reaction  for  iron  iloes  not  prove  that  a  given  pigment 
is  not  derived  ivmw  tlie  blood,  as  after  a  time  changes  occur  in  ii'ou-con* 
taining  pigments  which  make  it  impossible  U\  obtain  a  reaction  for  iron. 
The  high  sulphur  content  of  nmny  of  the  pigments  makes  probable  their 
origiii  fi'om  albuminous  substances,  and  their  fre(|ncnt  proximity  to  the 
blood-vessels  would  snggest  that  this  albuminous  matenal  is  derived  from 
the  blood,  perhaps  from  the  globulin  i»f  red  eoquiscles.  The  pigment  of 
the  so-called  chlorouiata  is  of  a  fatty  Jiature  {Lt'jforhrom),  according  to 
Kruki^idicrg.  These  tumors  have  a  liglit-green  or  dirty  browidsh-grecn 
color  wIk^u  freshlv  cut.  It  is  f(uite  likely  that  the  c,idoring-matt*r  of  the 
egg-3'olk  and  of  the  coitius  Intenm  is  also  of  thi.s  nature. 

During  the  past  fuvv  years  the  oriffin  of  the  piffnient  of  the  skin  ha**  been 
the  subject  of  nnich  staidy  and  discussion  among  oolh  anatomists  and  patholo- 

rt«.  Achy  was  the  first  to  e.Tpress  the  belief  that  the  epithelial  cells  themselves 
not  form  pitrment.  but  denve  that  which  is^  found  in  them  from  wandering 
cells  laden  with  pigment,  which  p<!netrat4'  between  the  individual  (epithelial  cells 
and  then  degenerate,  the  pigment  and  ilebns  of  the  otAU  Ijeiug  taken  up  by  the 
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ej)ithelium.  According  to  von  KolUker,  "  the  pigment  of  the  hair  and  of  the  skin 
is  derived  from  pigmented  connective-tissue  cells  which  send  processes  between 
the  epithelial  ceils  ot  the  deepest  layers  of  the  hair-bulbs  and  of  the  rete  Mal- 
pighii,  which  processes  divide  and  subdivide,  penetrating  deeper  and  deeper 
between  the  cells,  and  in  some  instances  even  passing  into  the  bodies  of  the  cells 
Uiemselves  and  depositing  their  pigment  there.  These  pigmented  connective- 
tissue  cells  are  always  confined  to  the  deepest  layers  of  the  rete."  The  pigment 
of  the  gan^hon-ceUs  and  of  the  cells  of  the  retina  is  formed  in  these  cells  them- 
selves. Riehl  and  Ehrmann  concur  with  von  Kolliker  in  this  opinion.  Karg 
has  arrived  at  much  the  same  conclusion,  as  the  result  of  the  study  of  the 
effect  of  grafting  white  skin  on  the  floor  of  an  ulcer  of  the  le^  in  a  negro.  In 
the  course  of  from  twelve  to  fourteen  weeks  the  grafted  skm  became  quite 
black,  like  the  skin  of  the  rest  of  the  negroes  body.  Examination  showed  fine 
pigmented  processes,  believed  to  be  offshoots  of  connective-tissue  cells,  lying 
between  the  epithelial  cells  at  a  time  when  the  epithelial  cells  themselves  had 
not  as  yet  become  pigmented.  Von  Wild  has  also  shown  that  in  melanosarco- 
mata  of  the  skin  the  pigmented  connective-tissue  cells  penetrate  between  the 
epithelial  cells.  The  pigmented  skin  of  persons  affected  with  Addison^s  disease 
shows  similar  pigmented  connective -tissue  cells,  though  these  are  not  always  to 
be  found  everywhere  in  such  cases. 

Histological  studies  of  the  mode  of  formation  of  pigments  in  animals,  which 
have  been  carried  on  chiefly  on  fishes,  amphibia,  and  reptiles,  have  led  to  various 
conclusions.  Thus  Jarisch  is  of  the  opinion  that  the  pigment  of  the  skin  and 
teeth  of  tadpoles  is  not  derived  from  the  blood,  but  is  a  product  of  the  proto- 
plasm of  the  cells,  while  List  thinks  that  he  can  trace  the  pigment  of  the  skin  of 
fishes  and  amphibia  to  disintegrated  red  corpuscles.  According  to  Kromayer, 
the  pi^ent  of  the  skin  of  mammals  is  derived  from  protoplasmic  process^  of 
the  epithelial  cells  and  represents  a  product  of  their  de^neration. 

A  curious  ^i^mentatioH  of  the  internal  organs  is  met  with  in  some  domesticated 
animals,  occasionally  associated  with  melanosis  of  the  subcutaneous  tissue,  in 
which  the  heart,  lungs,  intestine,  etc.,  contain  grayish  or  black  spots,  loolang 
like  ink-spots,  in  varying  numbers,  and  which  are  produced  by  the  presence  of 
pigment  in  connective- tissue  cells  otherwise  apparently  healthy. 

Virchow  has  described,  under  the  term  ochronosis  of  cartilage^  a  peculiar  pig- 
mentation of  cartilaginous  structures,  tendon-sheaths  and  synovial  membranes 
by  an  iron-free  pigment,  whose  imbibition  into  the  matrix  of  the  cartilage  im- 
parts to  it  a  brownish  or  black  color.  He  explains  this  on  the  supposition 
that  blood-pigment  has  soaked  into  the  stroma  of  the  cartilage,  and  compares 
this  form  of  pigmentation  with  that  which  occurs  in  freckles.  It  is  probable 
that  this  condition  is  only  a  more  pronounced  form  of  the  diffuse  pi^entation 
especially  noticeable  in  the  costal  cartilages  of  old  persons.  Occasionally  this 
pigment  is  also  deposited  in  granular  form. 

§  74.  Haematogenous  pigment — that  is  to  say,  pigment  whose  origin 
from  the  hlood-coloring  matter  is  certain — is  deidved  usually  from  blood 
whieh  has  escaped  from  the  vessels  or  has  undergone  coagulation  in  the 
vessels,  and  consequently  depends  upon  local  changes.  Occasionally,  also, 
it  may  be  traced  to  the  absorption  of  hfemoglobin  by  the  blood,  or  to 
changes  in  the  blood  as  the  result  of  which  granular  pigment  or  iia'ino- 
globin  gets  into  the  plasma  and  when  deposited  gives  rise  to  pigmentation 
of  the  tissue.  Such  deposits  of  blood-pigment  have  been  called  hinmo- 
chromafoses  by  von  Recklinghausen. 

Extravasations  of  blood  quickly  undergo  changes  which  are  visible 
even  to  the  naked  eye.  In  the  skin  they  are  at  first  brownish,  then  blue, 
green,  and  yellow.  Where  small  ha-morrhages  have  oecuired  in  the  sub- 
stance of  a  tissue,  as  in  the  peritoneum,  pleura,  or  lung,  reddish-brown 
or  blackish  spots  will  be  visible  long  afterward.  In  bodies  which  aix' 
rapidly  putrefying  these  ai*eas  may  be  slate-coloi-ed.    Larger  haemorrhages 
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into  the  tissues — ^for  exiimple,  in  the  brain  or  in  the  lung — come  to  have 
a  rust>  color  after  a  time,  and  still  later  the  affected  spot  shows  ochre-yel- 
low, yellowish-brown,  or  brown  pigmentation.  Corresponding  with  all 
these  changes  in  color  are  physical  and  chemical  changes  in  tibe  heemo- 
globin  and  in  the  iron  contained  in  it 

When  hflemorrhages  occur  into  the  tissues  or  into  any  of  the  cavities 
of  the  body,  a  considerable  quantity  of  the  blood-plasma  and  of  the  cor- 
puscles is  taken  up  unchang^  by  the  lymph- vessels  in  the  neighborhood. 
Other  red  corpuscles  seem  to  have  the  hivmoglobin  dissolved  out  of  them, 
leaving  the  colorless  stroma.  This  dissolved  hiBmoglohin  diffuses  itself 
into  the  surrounding  tissues  and  gives  rise  to  the  changes  in  color  of  the 
tissues  in  the  neighborhood  of  the  extravasjition.  Part  of  tius  dissolved 
coloring-matter  may  be  eliminated  in  the  urine  in  the  form  of  urobilin 
{itrobiUnuria)t  but  some  of  it  is  precipitated  in  the  tissue  in  the  form  of 


Fig.  8L— a,  Cells  contain- 
ing  amorphoos  blood-pig- 
ment ;  a,  Taose  in  which  there 
are  only  a  few  larger  frag- 
ments of  red  blood-corpus- 
cles ;  6,  e,  Those  in  wnich 
these  fragments  are  numer- 
ous, but  quite  small;  B, 
Rhombic  plates  and  needles 
of  hsmatoidin.  (Magnified 
500  diameters.) 


granules  and  crystals.  These  latter  are  yellowish-red  or  ruby-red  rhombic 
plates  <md  needles  of  hcBniatoidin  (Fig.  81),  and  are  a  frequent  residuum  of 
lupmorrhages. 

Part  of  the  dissolved  blood-pigmeut  may  be  taken  up  by  cells,  in 
which  it  appears  in  the  form  of  yellow  and  brown  piyment  granules.  Still 
other  blood-corpuscles  disintegrate  at  the  site  of  the  haemorrhage  and 
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PlO.  82. — Cells  containing  ha?mosidt'rin  aiul  liiumatoidin,  from  an  old  hcemor- 
rlu^ric  focus  in  the  brain,  a.  Cells  containing  hii'inoHiderin :  &,  Cells  contaiuin{^ 
h»'matoi(Hn;  c,  Fat-granule  cells  which  have  become  clear;  rf,  Newly  formed 
connective  tissue.  (Preparation  hardened  in  alcoliol  and  treated  witfi  potassic 
ferrocyanide,  hydrochloric  acid,  and  carnune.     JMa^mitied  300  diameters.) 
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form  yellow  ami  lirowu  iiTtiifular  masses.  This  is  very  froqunnt  in 
large  t*xlravat>uliuiis,  iu  the  so-cailed  hftmntomnta.  l*ij;meiit  derived  iu 
any  4»f  tlipso  ways  froiti  tlio  l)l4>od  is  very  fre*iuetitly  taken  np  by  rells, 
and  in  this  manner  ai*e  formed  tlie  i«>-eidlt'd  blood -corf  tuttrlf  eeih  attd  piif- 
tmiii-nnt'ijiiuj  nUs  (Fig.  Kl,  A,  and  Fijij.  H2,  a,  h). 

When  ri'd  Uooil-corpiiscli's  are  just  be«rii»»inK  t<»  disinte^jrat^,  the 
colorinff-niatter  found  is  hiernog]4)liiii ;  Imt  tins  is  quiekly  elianj^ed,  and 
the  yellow  and  brown  masses  and  invinidfs  t'<nnid  both  in  the  i'AU  and 
lying  free  iu  tlie  tissue  tire,  as  a  rule,  derivatives  of  hsemoj^lobin  ami 
r)t>t  Ineinojrlobiii  iUself.  Tliese  derivatives  (jf  ha-ino^Kdiin  an*  tliviih'd 
into  two  g;roups  aeeordiiij;  i\»  tln^y  contain  iri*n  or  ntjt,  the  former  bein^ 
called  iutmosiihritt,  the  hitter  htmnttouVm. 

Heematoidin,  identieal  ehemieally  with  hiiirnbin,  is  a  nihy-red  or  red- 
dish-yellow iiig'ment,  whirh  oeenrs  either  in  erystalline  fonn  or  as  irrejrn- 
lar  granules,  which  may  be  quitt^  anii>rphiins  or  may  be  rather  angular 
in  shape,  snggi'stin^  a  rudinietdarj'  and  iniperfeet  erystalhne  form.  It 
is  solnhle  in  ehloroforin,  oarbnti  disnlphidc,  atid  absolute  ether,  but  in- 
s<>!nble  in  water  an<l  aleohol.  It  woiUd  appear  to  be  more  abundant  when 
the  bliHKi-pignu'nt  is  not  mueh  exposed  to  the  aeti(m  of  living  eells,  as  in 
the  eentre  of  larj^e  extravasations  nnd  in  hii'niorrhages  into  prefonntHl 
cavities  of  the  IkhIv,  as.  for  example,  into  the  pelvis  of  the  kidm^y  or  into 
the  subdural  spaee.  It  may  be  pi-odueed  artifii-idly  by  ii»trodueing  blw>d 
iu  ghiss  eells  under  the  skin  or  into  the  peritonea!  eaWty  in  such  a  way 
that  the  body-fluids  may  have  aeeess  Ut  it. 

Uannatoidin  is  fi>und  both  in  the  cells  and  loose  in  the  tissue.  When 
it  is  eontaiiU'd  in  eells  it  lias  usnnlly  ^ot  there  as  the  result  of  phajroeyto- 
sis,  thon  t^h  oeeasiotinlly,  partieulnrly  in  eartilage-  and  fat-eells,  the  hiema- 
t-oidin  will  have  been  absorbed  while  iu  solution,  and  have  been  dej>ositcd 
afterwaril  in  the  sulid  fin*m. 

Hfemosiderin,  the  derivative  of  hcemoglnbin  contamlng  iron,  is  met 
with  in  the  tissues  for  the  most  part  in  the  form  of  yellow,  orange,  or 
Ijrown  imisses  and  graindes,  whirh  ileepi-n  lu  color  with  time,  and  are 
nsuidly  coutained  in  cells,  sometiiues  in  the  very  retl  eoriMiseles  from 
wliieii  the  hivmoglobin  has  l>i'en  absorbed.  Wien  treated  i^ith  potassinm 
ffiToryanide  aud  dilute  bydnx'hlorie  acid,  hamiosiderin  becrmies  Tflue  as 
tlie  residtof  the  formation  of  Prussian  blue  (Fig.  S2,  a) ;  it  hi^c^omes  bhiek 
when  nvted  uptm  by  sulphide  of  ammonium,  iron  sidphide  being  formed. 

Ha'inffsifh^nn  is  fornieil,  ai*eordiug  to  Noumattiif  more  partieularlv 
when  the  extnvvjUHrited  bh>od.  or  that  eomposing  a  thrombus  in  a  vessel, 
i»  suhjeeted  to  the  aetion  of  Hie  cells,  and  it  is  eonset]ueutly  more  abun- 
dant in  small  extravasations  nnd  in  the  neighborhood  of  larger  ones.  The 
fornmtirm  of  ha-niosiderin  niHy  takw  plaee  in  the  eells  or  in  the  int^^n'el- 
hiiar  spaces.  That  whieh  is  found  in  the  eells  may  have  been  formed 
imm  fragments  of  disint4*grated  blnod-eoqmseles  whieh  have  been  taken 
up  by  the  eells,  or  from  dissolved  haMnoglobin  whieh  has  infiltrat^'d  them, 
as  is  iudieated  hy  the  iwejisional  finding  <tf  both  wandering  aud  lixed  eells 
whose  bodies  are  stained  diffusely  yellow  and  which  are  stained  blue  by  the 
Pniflsian-blue  r*'aetion.  Furthermore,  when  hft*niogh>bin  is  excreted  by 
the  kidneys,  iron -containing  pijiment  fre<]uenlly  forms  in  the  tubular  epi- 
thelium; and  eartilage-cells,  which  could  hardly  lie  supposed  to  act  ns 
phagocytes  and  take  up  solid  fragments  of  Idood-eorinistrles,  oft^^n  (con- 
tain gi-anules  of  simUar  pigment,  even  when  lying  at  some  disliuice  from 
a  hffmorrhftgic  area. 
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Tlie  free  pigment  and  the  pigmented  cells,  then,  cause  distinct  and 
early  pigmentation  of  the  tissue  in  the  neighborhood  of  an  area  of  ex- 
travasated  blood.  But  soon  the  pigmented  cells  find  their  way  into  the 
h-mph-channels  and  form  metastaaea  along  the  course  of  the  IjTnphatics 
and  in  the  adjoining  lymph-nodes  (Kig.  83).  in  which  at  first  the  pigment 
is  lodged  in  the  bodies  of  the  free  lymphoid  cells,  but  later  may  come  to 


Fio.  83. — ^Accumula- 
tion of  cells  containing 
ftigment  granules  in  the 
ymph-^lands  after  the 
absorption  of  an  ex- 
tra vattation  of  blood,  a, 
Peripheral  nodule ;  b, 
Ljinph-sinus ;  e,  Cells 
containing  pigment 

panoles.  (Preparation 
hardened  in  Miiller's 
fluid,  stained  with  car- 
mine, and  mounted  in 
Canada  balsam.  Magni- 
fied 100  diameters.) 


lie  in  the  tissue-cells  also.  After  a  time  hsemosiderin  is  either  destroyed 
and  disappears,  or  changes  into  a  pigment  which  no  longer  gives  the 
reaction  for  iron. 

If  hcemosiderin  comes  in  contact  after  death  with  hydrogen  sulphide 
it  becomes  black,  and  then  causes  the  black  and  gray  spots  or  diffuse 
patches  spoken  of  as  pseudomelanosis.  This  is  observed  most  often  in 
the  intestine,  in  the  peritoneum,  and  in  suppurating  wounds,  since  in 
these  localities  hydrogen  sulphide  is  more  apt  to  be  formed  in  the  course 
of  putrefaction. 

The  question  whether  hemosiderin  granules  may  be  converted  into  a  pig- 
ment devoid  of  iron  is  differently  answered  by  different  authors.  M.  Schmidt 
and  Neumann  are  of  the  opinion  that  the  iron  reaction  of  haemosiderin  is  by  no 
means  constant,  that  it  is  quickly  lost,  and  that  it  may  even  be  absent  from  the 
first.  The  fact  is  that  not  ii^requently  the  iron  reaction  is  not  obtained  when 
the  conditions  are  all  such  as  to  lead  one  to  infer  the  presence  of  hsemosiderin. 
If  the  pigment  in  such  cases  is  not  hsBmatoidin  it  must  be  supposed  that  the 
iron  has  diaa^i>eared  from  the  hcemosiderin  or  has  been  converted  into  some 
form  not  sensitive  to  the  Prussian-blue  reaction,  without  thereby  producing  any 
change  in  form  or  color  of  the  pigment. 

Since  the  investigations  of  Vogel*  the  black  pigment  characteristic  of 
p9eudomeUm09is  has  been  believed  by  most  authorities  to  be  due  to  the  formation 
of  sulphide  of  iron  as  the  result  of  the  action  of  hydroeen  sulphide  upon  the  iron  of 
the  haemoglobin.  Perls  f  considers  it  to  be  siilphide  of  iron  formed  from  the 
hieraatin  of  dissolved  corpuscles,  which  results  when  simultaneously  with  the  dis* 
integration  of  the  corpuscles  hvdrogen  sulphide  is  formed  in  the  course  of 
putrefaction.  Grofaet  believes  that  as  a  result  of  putrefaction  the  iron  is  liber- 
ated from  its  combination  in  the  haemoglobin,  and  that  when  thus  freed  it  readily 
combines  with  the  hydrogen  sulphide  present.  E.  Neumann,  $  however,  is  of  the 
opinion  that  pseudomelanin  is  not  a  product  of  putrefactive  processes  alone,  but 
that  it  depenos  to  a  laige  extent  upon  local  conditions  which  bring  about  a  de- 
posit of  iron-containing  blood-pigment  during  life,  and  that  tliis  accumulated 
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pi^eut  Is  then  later  acted  upon  by  the  hydrogen  sulphide  of  putrefaction. 
This  view  is  supported  by  the  fact  that  in  pseudomeUnosis  almost  all  the  black 
granules  are  contained  in  cells. 


§  75.  When  large  numbers  of  red  blood-corpuscles  break  down  in 
the  blood,  hemoglobin  or  methtemoglobiii  may  come  to  be  dissolved  in 
the  plasma,  or  portions  of  broken-down  <!orpuscles  may  be  swept  alx>ut 
in  the  circulation.  This  condition  is  most  pronounced  in  poisoning  by 
arsenic,  toluylendiamine,  potassium  chlorate,  and  mushrooms,  thougli  ir 
is  observed  also  in  many  infectious  diseases,  in  malaria,  and  in  pernicious 
ansemia.  Dissolved  Lsemoglobin  or  methaemoglobin  imparts  a  red  coh»r 
to  the  blood-plasma,  and  this  condition  is  termed  h€enioglobin<e»tia.  \Vlien 
much  dissolved  hfemoglobin  is  contained  in  the  blood  a  portion  of  it  may 
be  excreted  by  the  kidneys,  giving  rise  to  hamoglohinuria  and  methemo- 
gJobinuriUy  in  which  case  the  urine  is  of  a  reddish  color  that  varies  from 
a  light  brownish  red  to  a  decidedly  dark  red.  This  is  especially  the  ease 
in  arsenic-poisoning,  but  occiu«  occasionally  as  the  result  of  other  influ- 
ences, as,  for  example,  after  exposure  to  cold  (periodical  hfemoglobinuria). 

When  the  disintegration  of  the  red  corpuscles  is  not  so  complete,  and 
fragments  of  them  remain  in  the  blood,  as  is  the  case  not  infrequently 
after  burns,  the  fragments  accumulate  in  the  capillaries  of  the  liver, 
spleen,  lymph-nodes,  and  bone-marrow,  and  to  a  much  less  extent  in  some 
of  the  other  organs.     Sooner  or  later  they  are  taken  up  by  cells. 

In  tlic  liver,  as  the  result  of  this  increased  supply  of  htemoglobin,  there 
is  considerable  increase  of  functional  activity,  which  is  shown  by  the  pres- 
ence of  an  increased  amount  of  bile-pigment  in  the  bile,  and  occasionally 
oxyha>moglobiu  also  may  be  present  in  it  (Stem).  At  times,  when  the 
amount  of  haemoglobin  brought  to  tlie  liver  is  too  great  to  be  whollv  di.s- 
posed  of  in  this  way,  one  or  other  of  the  derivatives  of  haemoglobin 
may  be  deposited  in  the  cells  of  the  liver  itself  or  in  other  organs,  or 
may  be  eliminated  by  the  kidneys.  Wlien  organs  are  eolon*d  yellow, 
orange,  or  ]>rown  as  the  result  of  such  deposits,  the  condition  has  been 
aptly  named  by  von  Recklinghausen  hemochromatosis. 

The  derivatives  of  hemoglobin  deposited  in  this  way  are  the  same  as 
those  met  with  in  other  extravasations  of  blood,  and  consist  partly  of  j»ig- 
ir.cntii  free  from  iron  and  partly  of  hiemosiderin.  The  latter  is  a  fre- 
tiuent  cause  of  pigmentation  of  the  tissues,  and  it  is  thei-efore  pennissible 
to  speak  of  a  pigmentation  by  ha-watogenoufi  sithfroftin. 

These  deposits  of  iron-containing  pigment  are  most  often  met  with 

in  the  liver,  where  they  occur 
as  yellow  granules  or  masses 
in  leucocytes  and  endothelijil 
cells,  in  the  ]>liisma  of  the  cap- 
illaries, in  the  liver-cells,  and 

Fig.  84.— Infiltration  of  the  tra- 
bofulft"  of  liver-cells  with  yellow 
hivmosiderin  granules  (as  at  n), 
from  a  ease  of  itemicious  anwrnia. 
b.  Cells  in  a  condition  of  fatty  de- 
generation. (I*reparation  treated 
with  osraic  acid  and  carmine,  and 
motinted  in  glycerin.  Magnified 
250  diameters.) 
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in  the  star-cells  of  Kupffer  (Fijr.  84).  In  pemidous  malaria  and  p*^r- 
niritms  iiiiH'initi  tljo  niajority  of  tlu*  livcr-cfUs  may  contain  siidi  jtitrnient, 
as  tliL'  ivyiiil  of  wliiclji  tht*  wliole  livnr  may  havt*  a  brownisli  r-olur. 

When  Ifirtr*^  rumiititics  of  l)rokeii-do\vii  coi-pusrltis  or  of  hu-mogloUin 
derivatives  avc*  briMi^ht  to  the  liver,  thoy  m-enniulntc  more  t  sjnTially  at 
the  periplii'ry  of  tlieaciui  (Fig.  85,  ff,  e),  and  iu  the  periportulr<inncetivt* 
tissue,  lying,  as  before  stated,  partly  fi*ee  in  the  eapillaines,  or  in  tlio  tis- 


'^ 


'fer- 
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F:q.  85.— Hapmne}irfmiato«i.s  of  the  liv»;r,  tn>m  a  man  wlin  died  of  morbus 
mnculosus  WGrlliofti.  n.  Acini :  ft,  Pfriloneum ;  c,  c.  Branches  of  tlio  ^jorttil 
vein;  ti,  luHltnLteil  periportal  counective  tissue;  c,  Pi^ient  dejiositi^d  iiisHlti  of 
the  capillaries  of  the  hepatie  lobules:/,  Venulie  centrales.  (Prpparatiiui  hard- 
ened in  fileohul,  stained  with  carmine,  and  mounted  in  Canada  baUam.  ^l&g- 
nified  20  diameters.) 


snea  themselves,  and  partly  inside  of  lencoeytes,  livpr-colls,  connective- 
tissue  cells,  and  the  eiidotbelial  cells  of  the  capillaries.  The  tissues  tluis 
infiitruted  present  a  reddish-brown  coloration  distinctly  visible  to  tlic 
naked  eye. 

The  piRTOent  which  is  carried  to  the  spleen  is  found  for  the  most  pai-t 
in  cells  lying  loosely  in  the  pnlp,  at  times  also  in  the  fixed  cells  itf  (be 
tissue.  In  the  hjntph-ghinds  it  lies  chiefly  iu  cells  witliin  the  h-niph-chau- 
nels.  In  the  hone-marroWt  wheiv  it  is  often  pri'seot  in  lar^e  quaotiLy,  it 
Ls  found  iu  cells  in  the  capillaries,  in  the  capillary  endothelium,  and  in 
the  pulp-ccUs. 

In  the  kidneys  it  is  most  abundant  in  the  cpitbcliuni  litiing  the  con- 
voluted tubes,  but  is  also  met  with  iu  the  iuuiiua  of  the  tubules,  in  tht* 
capsular  epitheliiuu,  and  iu  the  endothelium  of  the  capillaries.  When 
masses  of  hrt'tnosidenn  ar**  jiresent  in  the  circulation  they  arc  almost  cer- 
tain to  be  found  in  the  capillaries  of  the  kidney.     When  ha-moglobin  is 
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I>eing  flinnnatt'f)  )iy  tho  kidney  it  is  usually  t4)  be  founil  in  the  lumiiia  of] 
stiiuH  of  the  tiibuli's.     Wlivn  pit;ni<'Dtatioii  of  the  kidney  is  exteuHivt*,  it 
may  often  be  dptecttnl  with  the  naked  »'ye. 

A  lar^r  part  of  the  lia'iiiMHidi>riii  whicli  is  finiiii]  in  tiie  vanon»or^UK 
hiifi  Vtei'ii  bitin^ht  lo  rhfui  in  tlie  foi*ui  of  gnmules  or  small  masses,  and  is 
t}ieu,  a^  a  rule,  eoulaiutHl  in  leueocytes  in  tlie  eapillarieii.     Hut,  in  uddi- 


•.^. 
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drooUJoric  acid,  and  mounted  in  Canada  balsam. 


PiQ.  86." HiMnato- 
(jeuous  deposit  of  iron 
in  th»f  kidji»*\-,  from  a 
patit'Ol  who  tiiod  of  p#*r- 
nioiouj!  tuahina  (oou- 
tnicted  in  Hnpiinayo), 
d,  Convoluted  uriiiifer- 
itus  tut>ulei!.  I  be  linioff 
epithtOial  relUof  wliieh 
^'f  eontaiu  granules  of  iron 

j  -  and  are  stained  a  pale- 

r: ''  blue     color ;     6,    Iron 

^  ,  KT^nult'8  i"  the  lumen 

^  ot'iJietulmlf;c,Slni.ight 

'..^  urinifenms  tubuleri;  d, 

*  iloriMfnilus ;  e,  Cajisulc 
e]iilht-lium,  also  con- 
t^iliiiniar  iron  grauidvs. 
(F'lvparaiinn  liHrilcnt'tl 
in  alcohol,  trt-alt  d  with 
alutii  carrulue.  pota^siu 
ferroeyanide,  and  hy- 
Magnified  150  diameters.) 


tion  to  this,  solid  jmiiitles  of  pijniM'nt  woidd  also  appear  to  be  fornuMl 
in  the  eeils  iheniselvcs  fnmi  material  broujjht  to  them  in  solution.  Tliis 
view  Ls  sustained  by  thr  fa(*t  that,  m  applying;  the  Prussianddue  rt-ai'tion 
for  the  di'tiMttion  of  iron,  many  of  the  eidls  whieh  eontain  no  definit-^* 
.irmntd**8  nevertheless  stain  diffiisely  blue,  indii'atiu^  the  pi-esrneeof  ir«»n 
ililTnsi'd  throut?li  their  subslnneo.  The  iiH>n-eontaininf;  )ii^nu-nt  \vbi<di 
tlnis  infiltralej*  the  l-l-Us  would  jipixar  Ut  be  lalt-r  i*x<'n'led  bv  tlnni  in 
the  form  of  solid  masses  of  pigment,  Ihotigb  it  is,  of  eourhe,  i*ossibli'  that 
soine  of  this  diffuse  coloration  tnay  have  n-sidtt^l  fntm  the  solution  of  the 
iron  within  the  eells.  It  is  nlso  supjrested  by  the  oliscrvjdions  <tf  a  nnin- 
iKM'of  inveittifjatorK  that  c^doHess  iron-eontninini^  material — alliuntinntes, 
perhaps — may  at  titnes  l)c  pres<»nt  in  e^Us  in  tJje  l)ody.  since  the  ir^m  tv- 
niMiim  develofw  oftentimes  nuiny  more  inm-eoutaiiuug  grunuleis  Uiau 
were  othenvise  visible  in  ihi'  tissue. 

The  deposit  of  iron-free  pigments.  lurnintoUVtn  nrhiUnthh.  is  nsnnlly 
very  scanty  in  cases  of  hii'matoui'titiiis  ]ii;rmcnrntioii,  n.**  the  ivstdt  nf  ^iis- 
inleirmtion  of  blood  corpus<*les  in  the  circulation.  Oeeasioually.  however. 
]»i!rment  is  met  with  in  tlie  various  or^jans  which  fails  to  pive  the  reaction 
for  mn\,  and  wliicli  it  is  rcasonnbh*  to  supjiosc  has  nctt  eontained  iron  at, 
any  tinu*.  though  it  should  be  remembered  tJiat  after  a  time  hiemosiderin 
fuih<  to  ivspon<l  to  this  iTiiction. 

Von  T{«^^klinphauscu  has  applied  tlie  name  hirnmfuitnn  to  tk  form  of 
pigmmt  tlemiii  *>/  iron  which  itccurs  as  yellow  jminulew  in  the  h<»art-mu»- 
elo  and  in  smooth  musclccclls.  It  is  occju^ionully  soabnndant  in  smooth 
muscle  as  t(»  cause  nmeli  swdlin;;  of  the  cells,  antl  it  is  almi>st  cuiistantlj' 
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f)resent,  af^rordiu^  to  OuelH-l,  iu  some  (jf  the  muscle-cells  of  the  outer 
ayor  «jf  the  musoiilans  of  tb*'  j^'jumini  in  i)t'i*soiis  who  huve  passed  their 
eightctaith  year.  This  pij^iu'iitatioii  incrcuses  witli  &^o,  and  may  idti- 
mately  becoiu*'  so  ahuiidunt  its  to  impart  to  the  int-estiiie  a  distinctly  yel- 
low or  biinrnish  coloration.  Similar  pipnicnt  is  also  met  with  in  tlie 
nius^'hMfcUs  of  blood-vosHcLs  and  t>thcr  muscular  <n'(^aus,  in  the  cells  of 
the  couuectivc-tissut?  shcatlis  of  hlood-vcsnels,  and  in  the  ccIIh  of  pUitric^ 
iutcstinnU  tear,  sweat,  ami  miieims  glands.  In  the  heart,  pig'inentation  of 
the  mus<-le-eells  is  of  very  frequent  occinTcn<*e  iu  old  njje,  and  is  some- 
times so  marked  in  atrophic  i-onilitions  of  the  heart  as  to  e^iuse  distinct 
coloration  of  its  muselc.  Marked  pijrmeutation  also  taki's  place  in  volun- 
tary uujsele-t issue  when  it  undergoes  atrophy,  though  it  is  by  no  means 
constantly  present. 

The  nature  and  source  of  lufmotusein  are  not  determinable  vrith  eer- 
tainty  by  niirroscopie.  examination,  though  von  Heeklingliausen  and 
Goebel  ari'  Imth  inclined  to  class  the  pigmentation  causeti  by  it  among 
tlie  ha*inwhroiruitose». 

It  is  uurcrtain  wliether  the  hicmoglobin  or  some  other  ingredient  of 
the  hlo4>d  furnislies  the  material  from  whieh  hanuofnscin  is  formed. 

Experiments  conducted  in  my  laboratory'  by  de  Filippi  show  that  iron 
preparations  iiin*oduced  into  thi*  systt-m  siibcutaneouslv  or  by  the  intestine,  in 
s()Iuhl(?  form  (Sehmiedt'>)erjf's  IVrmtiiOt  Ibid  thuir  way  tn  considerable  quantity 
iiit<>  llie  Ihiids  of  the  iHxly  and  into  1}ie  blo<Mi,  and  arn  ileptisited  jiartioularly  in 
the  hoiie-marrow,  spleeTi,  and  lynipli- glands.  Tlie  iron  mjiy  be  ileiiionstrattKl 
microeheuiieally,  lyiuj;  in  intercellular  i^paces  iu  tht^  form  of  lini'  graneJes  or 
small  masses,  or  in  solution  diifuseJ  thnnijrh  the  eells  and  in  the  walls  of  the 
blood-vessels.  In  tlie  hver  the  deposit  is  elxietiy  observed  in  leneoejies,  endo- 
thelial rnJlj*,  and  Kujiffer's  j<te!Iftte  cells  in  tlm  blood- vessels ,  while  the  liver-cells 
themselves,  as  a  rule,  enntain  iron  only  tninsilorily  and  in  such  a  form  as  will 
permit  us  to  detect  it  by  mierdclieiuii-al  means  in  only  a  few  of  the  cells. 

AceordinjT  to  the  reHeurchcs  of  Hinniii,  which  were  also  made  in  my  labora- 
toi-y,  the  conditions  observed  in  ehronie  i>oisoninjj  by  toluylendiamine,  which 
brin^  al]oyt  progressive  (Usiutef^vution  of  the  red  blood- eorpuscles,  are  very 
similar  to  those  just  narrated,  furliure  iilso  the  places  where  the  iron  is  deposited 
are  thelione-inarrow,  tliesrileen,  the  lynqjb-glands,  and  the  vascular  Hud  connec- 
tive-tissue framework  of  the  liver,  while  the  liver-tiells  themselves  remain  free. 

AjiH,  finally,  a  simitar  resiUt  is  obtained  when  the  duetus  choledochus  of 
animals  is  ligated..  in  whieh  oase  iron-containinK  bile  is  forced  to  enter  the  blood. 

In  man  such  iron -containing  pijrment  is  almust  constantly  fonnil  inside  of 
the  uells  of  the  orgati!!  in  question,  though  in  most  eases  m  very  small  quantity. 
This  iron  is,  on  tlie  whole,  to  he  4'onsidere<i  as  having  originated  from  bmken- 
dowu  red  blood -coqmseles,  though  it  is  possible  also  that  at  times  an  exeess  of 
iron  is  taken  into  the  system,  Biontli  is  of  the  opinion  that  when,  under  path- 
olo^cal  eoniUtions,  as  is  frequently  the  case,  largre  amounts  of  iron  are  found 
not  only  in  the  connei'tive-tissue  cells  of  Hie  above -mentioned  organs,  but  iu  the 
liver-eells  as  well,  the  inference  is  ju.stiliable  thret  there  tias  been  both  abnormal 
disinte^'atiou  of  the  bIo(Ml-con)useleH  anil  at  the  same  time  derangement  of  the 
function  of  the  liver.  It  wouhi  appear  that  healthy  liver-cells  limit  their  enii lent 
of  iron,  «:iving  up  to  the  bile,  to  the  hloo<l,  tir  to  the  lJ^nph,  any  excess  of  it  which 
may  be  brought  to  them,  so  that  it  is  only  excepfiouaUy  and  then  only  for  a 
short  time  that  they  contain  anv  ix-on  which  m?iy  be  detected  by  microchemical 
tests.  Under  |>atholoirii'Bl  coudithins  this  abiUty  of  the  liver-cells  lo  dispose  of 
iron  would  appear  lo  be  impaired,  astlie  result  of  which  tliere  occurs  in  them  an 
excessive  and  persistent  accumulation  of  iron. 

It  is  probaole  that  the  iron  which  is  deposited  in  the  alwve-mentioned  organs 
may  later  be  of  use  in  building  up  new  tissue,  moi-e  particiUarly  in  the  elabora- 
tion of  red  bKK)d-e(ni>useh's. 
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In  malaria  two  pigroents  remilt  from  the  destmction  of  the  red  eorpuficles 
by  the  inivro-ortfHTii^tiia  of  tliat  (lise&se.  Th**  on«  i»  formed  by  the  pla^modia 
themselves.  It  is  black,  gives  no  iron  reaction,  and  lies  in  the  bodies  of  the 
Plasmodia.  Nothing:  is  known  aa  to  its  nature.  The  other  is  hteiuosideriii» 
which  passes  into  the  plasma  of  the  hh)od  as  the  result  of  the  destruction  of  the 
corpuscles,  and  isi  later  deposited  in  the  liver,  spleen,  and  marrow  uf  the  bones. 
When  excessive  destruction  of  the  bh>od  occurs,  it  timy  ulsn  h*ail  tu  a  condition 
of  Kidert»H'is  of  the  kidneys  (Fig".  Hti)  and  to  elimination  of  Lron  iii  the  urine. 

The  gi'eenish  colorHti<m  wnicli  is  observed,  iu  decompoainB"  cadavers,  in  the 
neighborhood  of  blood-vessels  lilled  with  blood,  is  dependent  upon  the  fomiation 
of  sulphide  of  raetluemoglobin  tlu'ough  theaction  of  the  hydrogen  sulphide  upon 
the  blood. 


§  7fi.  A  imthi>I(>gieal  pigmentation  of  the  tissues  by  Idle-pigment  is 
designated  jaundice  or  icterus.  Ictenis  is  a  symptom  wliieh  is  frequently 
present  in  the  eonrse  of  ii  nunilwr  of  diseases  of  the  liver,  and  is  a  fre- 
quent oet-nn-enee  during  the  first  few  days  *»f  life  {ictvrns  n^ottatontm). 

During  life  tin*  pigmentation  known  a*i  jauiidtei^  is  apparent  ehietty  in 
the  skin,  conjunctiva,  and  nrine,  but  after  death  it  may  be  detected  also 
in  the  internal  organs,  the  serous  membranes,  the  lungs,  kidneys,  liver, 
in  the  .sxihcutaneous  and  intermuseuhir  eoniieetive  tissue,  in  the  bbmd- 
plat;nni,  in  ehits  tn  (lie  vessels,  etc.  Fresh  ieterie  eitlorations  are  yelh.tw, 
but  after  ii  time  the  skin  may  assume  an  nlive.greon  or  dirty  grayish- 
green  eolor;  and  similar  colorations  are  also  met  with  in  the  internal 
organs,  partietdarly  in  the  liver  and  oe<.*asionally  also  in  tiie  kidneys. 

Jiinndhr  rfsuttx  from  fbf  infrann  of  bite  or  of  bife-pifjmtuf  {ht'irubhi) 
into  t/if  hiooif  and  liijaUh  of  ikf  fwilt/.  Dnring  its  eontinnanee  the  urine 
tiontains  bile -pigment  als<j.  These  biliarA*  j>igments  have  their  origin  in 
the  liver,  tmd  jaundiee  is  oonsequently  n  bejiutogenotis  disease.  It  eom- 
UKUily  depends  njion  .sotne  diseased  eoiiditton  of  the  biliary  pMs.snges  or 
of  the  liver  itself,  as  the  residt  of  wlii^b  the  mitrtow  of  bile  from  the  liver 
is  iin]n*ded,  Tlie  bile  is  then  taken  up  by  the  lymphatii-s  and  bh>od-ves- 
wds.  Such  a  eit]idition  amy  be  bruught  nbont  by  eatairh  of  the  biJe-dnets; 
by  naiTowing  or  obliteration  of  the  bile-duets  by  eieatrices,  by  gall-stones, 
or  by  tnm<H's  whieli  may  have  originated  iu  the  gall-duets  themselves  or 
in  the  tissue  in  their  neigbborlntoil,,  and  which  eompirss  tlietn  ;  by  in- 
ilaiuumtory  conditions,  abscesses,  connective-tissue  growths,  tumors;  or, 
ftnally,  liy  congestion  of  the  blood-vessels  of  the  liver  itself,  which  muses 
jtn'Hsiire  ujion  or  oblitcrnlion  of  the  gjill-ducts  within  the  liver,  nnd  so  j ire- 
vents  tliconttiow  of  bile  through  the  gall-cnpillaricsan*!  sundh-r  gall-ilucts. 

When  tor  any  reason  the  bile  is  congested  in  the  small  gaH-diirts  of 
tliP  liver,  the  flrst  thing  wbieh  iM»em-s,  in  all  jfrohnbility,  is  an  absoii^tion 
of  a  certain  amount  of  the  bile  by  the  lymphatics  of  the  liver.  Hut  ns 
the  pro4!ess  eontiiiues  the  bile  aeeumiilates  more  and  more  in  the  gall- 
capillaries  and  in  the  liver-cells  themselves;  the  latter  circumstanc<*  being 
dne.  doubtless,  to  the  inability  of  the  liver-<Mdls  to  dispos*-  of  the  bile 
which  they  have  formed  (Fig.  87,  /i).  If  the  process  continues  for  any 
c«nsi4ierable  tinu'  the  dilatation  of  the  gidl-capilhiries  may  be  very  great 
(Fig.  87,  h),  so  that  idtiinately  they  may  burst  and  their  contained  bile 
may  be  disebarged  directly  into  the  bbMul-eapillanes  (Fig.  87,  g).  Even 
in  the  early  sttiges  of  jaundice,  yellow  (or  grt'cii.  in  eases  of  sublimate 
fbtation)  gi-anules  may  be  seen  in  KupfFer's  cells  and  in  the  endothelial 
cells  of  the  capillaries,  which  often  dcs^piamate  in  conse^iuence  and  lie 
free  in  the  Itloinl-vessi'Is.    Xot  infreiiueutly  such  biliary  congestion  is  fob 
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lowed  by  dc^^Tifrative  ehnnges,  iiocitwis,  iinHHiiiiimtifm,  niu\  connetrtiv**- 
tissuo  trrowth. 

When  l>ile-]>ig^ent.  either  still  iii  soluti<iii  or  in  the  form  of  frmnulcs 
(ir  small  iJiassf-s.  lindi;  its  wiiy  into  tho  IiIoih]   in  1ht>  niitnncr  ubovv  iK*- 


j^:; 


'^^^  - ... 


Fio.  87.— Icterus  of  the  liver,  from  a  case  of  cancer  t»f  the  ffnll-blaitder,  in 
wliic'li  tbern  wa**  compression  <\f  I  lie  dnctuschuledoi'liuii.  a,  MiMk-nilfly  rlilated 
intravenons  bih'-durts  tilK-d  with  bile;  b,  A  lar^^e  uutMi  of  biU'-pi^rriU'iit  in  a 
widely  dilated  intniventtiis  bile-duct  ;  r.  HlJe-pijnnent  in  the  !ivfr-<'i'lls ;  r/,  rf,, 
Stiil  firndy  attached  (endothelial  aiul  KriplTer's  eells,  ^^1nine4l  l)y  ^minnl+^s  of  bilc- 
pitfiiu'iit ;  c,  Ocsiiuaitnited  rridittlu-Iiii!  cm'IIs  jilHint^d  with  bile;/,  Portions  nt  pij»- 
ment  Kiirrtnuuled  by  *-m1]s  ;  (/,  Escap*-  ot  piijmu^nt  contained  in  rhe  bile-duett;  nito 
ii  capillary.  (Pfupurutiun  hardened  iu  coiTosive  Hubliniate.  stained  with  ahim 
eamiine,  and  fmiiinted  in  <  aiiada  bnlsani.     MagrniHtd  ytio  diiinieteih.) 


h 


B<?ribed,  tlir  tissnes  of  tin*  liotly,  beitij^  luilbetl  eunsfantly  Ity  bile-si ain4'il 
lymph,  jfradually  absorb  some  nf  the  eohiriTti^-nialter  and  are  eolond  by 
it.  Solid  parfielcs  wliieh  may  be  ciirnlatin^  in  tlir  Mimd.  lor  the  nio*it 
jMirt  in  eells,  slowly  aei'umnlate  in  tlit*  s|»liTn  and  in  Uie  lunie-Tiiarrow. 
After  a  time  the  bile-]ii^iinMit  in  sot  u(  ion  itj  I  he  vnrions  liquids  of  tin*  body 
U'eonii's  deposiiiMl  as  tine  ^^I'anides.  or  more  rarely  as  rlhnnbie  or  arieii- 
lar  crystals,  wbi'di  have  aliendy  Ihmmi  de.'<eribed  as  ba'iiiat<iiilin  (Ki^.  SI). 
This  urystalline  deposit  rarely  m-eurs  exeejtt  in  new-born  infants,  whew- 
the  crj'stalK  form  in  fixed  and  wanderinjir  ettnneetivtMissue  eells,  in  the 
Hver-eells,  and  in  tbi*  tubidar  epithelium  td'  th»»  kidneys.  In  intense  ictorie 
tronditions  very  nuuiy  of  the  eells  of  the  body  eonie  to  eontain  bile-jtif;- 
nn*nl.  This  is  often  aeenmnlated  in  larjje  iiniomit  in  the  lyrri]ih-«rlHnds 
(Fi;r-  ^>^),  t^)  wlueli  it  is,  as  a  rnle.  eavried  by  eells,  and  wlii)se  lyntph-ehiiu- 
iiels  may  he  so  filled  with  tin*  yellow  ^*aniileH  lis  to  givn  to  the  whole 
irlaiid  a  vellowish-brtiwn  etdor. 

In  till-  kidneys,  wldeh  are  active  in  elinnnatinfr  the  biliary  pigment 
fn>m  the  body  ic  jaundiee,  tlere  is  jilwt  inueh  pigmentation,  partienhirly 


21(1 


JAt*KI>lt-K. 


of  lliu  w^uivtiiifi;  npitholium  uf  the  tnbuleH,  wkioh  ofuiu  iiuHqumuatiiH  in 
i*oii}t<*qufn('i'  (Fi^.  89,  a).     WHieii  (uihU  of  tho  uriimry  tubiilen  am  fomnfi 


+ 


Fit*.  K8.  — k'trrus  of  tlir  lvmph-^UiiuU-^fullo\vi>i>;  uu  iiUiirk  ol'  jiiiiudic^«— 
tit  ol)8tnH'l*Hl  outflow  of  bile  {Vit:.  87).  ",  Lyiii|jh-folIu'lf's  with  <lisleiidf<J  I>1(nh1 
veswlit:  b,  (*K|>8u)e  :  r,  Lvnipli-rlmiMH'l^  with  i*<<ll.H  which  c'OiiUiii  >t'llowUb-k(rw*u 
piBriiient(rrnuulps(enrir(*ly  frtH*  fnun  iroiiK  (I*rt'p«ratinn  hanlciietl  in  foirogivH 
Mumimate.  <(tnin(Hl  with  ••nrtiiini*.  anil  muuntLK.1  in  Canuiiii  hnlruiui.  MttifniHeHl 45 
cli(ini«'r<'fH.) 


ft  £?-^ 


^^':4$i^i^^- 


Klo.  SI).  — ti't(>nt.<«  of  l\u*  kidrii'y,  following;  nii  iiMin-k  of  jntiiulit?*'  diu*  tn 
ohstructwl  outflow  of  l»il«*  (Fijr.  S7).  «,  ']'uhuUr<-pitl)t4iiini  (•(Uitnimn^  ynUowuth- 
jrnH'n  (frnnuIeB;  b,  Larpe  yellowi-*b-KTi'CD  uriniiry  cjurt  ;  c,  TasL  with  |ii(fmi'nl- 
i-ells  ctitantrlt'ii  in  its  subMnncc  ;  d^  l>es»iu»mtttfd  cpithcliuin  cout»inin^  hili*- 
pilfiiUTit  ffTuQuU*^,  ( } *n>pnra t ion  hntdt'iK^il  in  coiTttMvo  wnhUmnl**,  ptaineH  wiUi 
i*3inuinf,  and  Tiinunt^'d  in  Canndu  lMtlf«;ttti.     MagniHml  2tH)  ditiiUftfrs.) 
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as  the  result  of  the  degeueratioii  of  the  tnbiilar  epithelium,  these  casts 
are  usually  rolorn]  liy  t.ht'  Wilr-itipiu'iii  (Fi^.  Si),  b,  c). 

Assoviatt'd  wiih  the  deposits  of  Iiilii'iibiii  iti  jauudice,  there  is  always 
more  or  less  dqiosit  of  htfuioshUrht,  (tliicHy  nikti«'t'iil>l('  in  tli*'  iKUie-uiarrow, 
iu  the  spleen,  and  in  the  Syniph-^laiuls,  oci-asionall}^  also  ju  the  liver,  so 
that  the  pigiiieuLalioti  of  the  tif>t>iH's  depetiils  iu  part  uptm  the  presence  of 
an  iron-eontiuniiitr  pigment  in  this  eondilioii  also. 

Wlien  iniiisn:i)  ilisnite^rration  of  red  IjIood-i'orpustrleH  oecimi  witliin 
the  blood,  hrtMnatoidiu  or  biiinibin  is  formed  iu  assoeiatiou  with  lia'mo- 
sid^rin,  as  was  cxplaini-d  hi  §  "."J,  and  is  dt-positrd  in  various  partes  of  the 
iMxly,  Siioh  t'Xtrahepatie  bninihin-fitrutation  is,  however,  ver}'  slight,  and 
is  never  suffieieut  alone  to  eause  jaundice,  so  that  a  pitrch/  hiettMhtjeiwus 
u'tf'fus  ifot'n  itttl  tH'rur.  Tlie  liver  is  the  jn*eat  *'lahoratoi'  of  hilinibin.  and 
the  production  of  thi8  aubstanee  is  at  times  iuert-ased  in  thi*  livt-r  vrn  the 
result  of  disintejfrtttiou  of  r<?d  eorpuseles.  Jmmd'u*',  ilnu,  tvhirh  foUotPs 
breaking  tlmen  of  the  JAootJ,  can  only  orrur  when  assochttfd  with  rhanfjfn  in 
the  finr  wU'trh  result  in  the  pasHUt/t!  of  hi  If  info  fht  htimtl. 

Aworiling  t<»  the  iiHijorily  t(f  aulhcjrs  (rf.  HHrU'y).  tUe  bile.  whiMi  ohstnicted 
in  its  outHow,  finds  entmnce  to  the  blood  only  throug-Ii  the  Ivmph -channels; 
the  chief  reason  for  this  opinion  beinjf  that  after  lijfation  of  the  bile-ducts  of 
animaU  jautKlico  docy  not  occtu-  imlcss  the  thoraeie  duct  has  also  been  heated. 
Inveatigationa  whieh  I  have  made  ou  the  livers  of  i)ersoas  who  have  suffered 
fn>m  loMK-f'oiitiinH'd  jaiiiidice  leHcl  ine  to  behftve  this  opinion  to  be  incorrect, 
and  T  believe  that  in  all  cases  of  <'iironic  and  wpll-riiarked  ohstniction  of  the 
outflow  of  liile  there  is  also  a  direct  etiUauci-'  of  tlie  bile  into  the  blood  (Fig.  87), 
and  thtLt  this  depends  upon  inonllsate  dilatation  and  rupture  of  the  iu^-aci- 
nous  ij^ill-capiUttries, 

The  ([ueMtion  aa  to  wliether  jauudice  may  be  of  hitmatogemms  as  well  as 
hepatogenous  origin  has  hee^n  under  distrnssion  and  is  still  tinsettled,  notwith- 
standing numerous  exjierinienta.1  investigations  liirected  to  its  Bulution.  Since, 
as  II  matter  of  fact,  biUrubin  may  be  f(>rmed  in  the  ti&)ues  as  the  result  of 
extravasjition  of  blood,  the  likelihood  of  the  i>cciUTence  of  hicniatogenous  icte- 
rus would  a  ftriori  seoni  ijuite  plausible.  Ex^jeriments  nrnde  with  arsenious  acid, 
toluylendiainine,  and  potassium  chhirate,  to  iletemiiue  the  result  of  the  disin- 
tegniti(»n  of  red  lOnod-corpuseles  in  the  blood,  have,  bowe\'er,  slutwn  that  tlie 
derivative  of  the  hlofwl  which  fonns  and  is  denositeil  in  tlie  various  tiRsueH  is 
htt'tnosiderin,  and  that  the  fonuatiou  of  bilirubm  under  these  circurastanfew  is 
confined  to  the  liver,  which  for  the  time  being  excretes  an  increased  amount  of 
intensely  pigmented  bile. 

According  to  Minkowski  and  Naunvn,  the  urine  *)f  geese  and  dnckw  nm- 
tains  no  l>i!e-pignient  after  extirpation  ot  the  liver — a  fact  which  wouKl  indicate 
that  the  transformation  of  bhiod-pigment  into  bile-pigment  is  ordinarily  limited 
to  the  liver.  The  iuhalatiiui  of  vapor  of  arsenic  for  a  very  few  minutes  is  suffi- 
cient to  produce  in  geese  intense  polycholia  and  hiematurin.  the  urinr  containing 
hiemoglobin  in  solution,  fragments  of  red  corpUHcles,  and  biliverdin.  If,  now, 
the  liver  of  such  a  goose  be  extiri)ated,  biliverdin  (juieklv  (teases  to  bt^  jiresent  in 
the  uruie,  and  there  is.  at  the  same  time,  nci  biliverdin  m  the  bhxHi.  It  is  thus 
evident  that  iu  ar!*eriic-p<nsoning  the  formation  of  the  bile-pigment  which  ap- 
pears in  the  urine  must  occur  in  t)ie  Uver,  in  which  broken-down  blood-corpus- 
cles are  found  in  large  numbei-N. 

So  far  as  may  be  inferred  from  the  results  of  experiments  which  liave  been 
niatle  up  to  the  present  time,  it  would  neem  that  a  purely  hiemat-ogi'nouH  jaun- 
dice does  not  o<'cur.  The  mere  fa«-t  of  the  (X'currence  of  jaundice  in  intoxica- 
tions, after  ether  and  chloroform  inhalations,  transfusion,  snake-bite,  and  in 
septicemia,  t\phoid  fever^  vellow  fever,  paroxysmal  ha-nioglobinuria.  etc.,  is  iu  no 
wise  proof  that  the  jaundice  in  these  cases  is  of  ha*matogenon«  origin.  There  is, 
indeed,  in  these  conditions  an  increased  destructi<«i  of  red  blood -cojTiaHcles; 
bat  bilirubin  is  essentially  a  product  of  the  liver,  and  its  presence  iu  the  blood 
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may  readily  be  accounted  for  on  the  supposition  that  a  part  of  the  bile  pro- 
duced in  excess  in  these  conditions  finds  its  way  into  the  blood.  In  fact,  Stadel- 
mann  has  shown  that  change  in  the  density  of  the  bile  may  bring  aoout  its 
absorption  by  the  blood. 

Many  theories  have  been  proposed  from  time  to  time  in  explanation  of 
icterus  neonatorum.  Frerichs  believed  it  to  be  due  to  the  passage  of  bile  into 
the  blood  as  the  result  of  sudden  diminution  of  intravascular  tension  in  the 
liver  after  birth.  Hofmeier  supposes  that  the  unusually  large  consumption 
of  red  corpuscles  dxiring  the  first  few  days  of  life  leads  to  the  production  of 
a  bile  unusually  rich  in  pigment,  and  that  some  of  this  bile  finds  its  way  into 
the  blood.  Birch- Hirschf  eld  believes  that  this  benign  type  of  jaundice,  which 
is  not  traceable  to  septic  infection  and  is  not  dependent  upon  serious  anatomical 
changes  in  the  Uver,  is  produced  by  an  oedematous  condition  of  the  connective 
tissue  of  Glisson's  capsule,  which  condition  is  brought  about  by  stasis  in  the 
area  of  distribution  of  the  vena  port®  and  of  what  remains  of  the  umbilical  vein- 
Silbermann  attributes  it  to  congestion  of  bile  dependent  upon  dilatation  of  the 
liver- capillaries  and  of  the  portal  vessels  immemately  after  birth,  and  he  also 
believes  it  to  be  associated  with  a  greater  breaking  down  of  red  corpuscles.  I 
myself  would  venture  the  opinion  tlmt  the  absorption  of  bile  under  these  circum- 
stances is  referable  not  only  to  increased  production  of  bile  by  the  liver  imme- 
diately after  birth,  but  also  to  increased  absorption  of  biliary  coloring-matter 
from  the  meconium  and  its  transportation  to  the  liver. 

According  to  E.  Neumannj  bilirubin  crystals  are  frequently  found  in  the  fat- 
cells  of  the  omentum,  and  at  tmies  also  in  the  subserous  fat,  in  the  fat  about  the 
kidneys,  beneath  the  peiicardium,  and  in  the  mediastinum  of  new-bom  children, 
even  when  they  are  not  jaundiced;  and  he  explains  this  by  supposing  that  after 
death  the  biliary  coloring-matter  which  was  in  solution  in  the  tissue-fluids  has 
crystallized  out.  In  both  children  and  adults  biliar>'  coloring-matter  which  has 
found  its  way  after  death,  by  diffusion,  into  the  tissue  surrounding  the  gall-blad- 
der may  crystallize,  more  particularly  in  the  fat-tissue. 


§  77.  Pigmentation  of  the  tissues  by  foreign  substances  introduced 
into  the  body  from  without  occurs  when  substances  possessed  of  color 
ill  themselves,  and  capable  of  resisting  the  action  of  the  body-fluids,  gain 
a<'eess  in  any  manner  to  the  tissues  and  remain  there.  The  substances 
wliich  may  act  in  this  way  are  naturally  numerous,  as  are  also  the  modes 
of  their  entrance  into  the  body.  The  hntgs  are  their  most  frequent  ehaftnei 
of  entrance,  but  tliej'  may  also  be  taken  in  through  the  intestine  or  from 
wimnds.  Tattooing  of  the  skin  affords  a  familiar  example  of  the  introduc- 
tion of  pigment  through  wounds.  This  staining  is  effected  by  rubbing 
insoluble  gi-aiiular  i)igments,  such  as  lampblack  or  cinnabar,  into  slight 
wounds  of  the  skin.  The  ])igments  penetrate  into  the  wounds  and  infil- 
trate the  tissue  in  their  immediat^i  neighborhood,  ]>art  of  the  pigment  re- 
maining there  i>ermanently,  while  some  of  it  is  carried  to  neighboring 
lymph-glands,  Mincli  then  participate  in  the  ])igmentation. 

The  lungs  and  their  lymph-glands  are  often  intensely  piginenteil  as 
the  result  of  inhalation  of  ])articles  of  dust,  more  particularly  coal-dust. 
s(M)t,  iron-dust,  etc.  They  may  become  actually  Idack  in  consequence  of 
inhalation  of  coal-dust.  A  ])art  of  the  dust  inhaled  is  earned  to  the  bron- 
chial lymph-glands,  which  often  liecome  <iuite  black,  and  may  undergo 
more  or  less  softening  when  the  pigmentation  is  excessive.  When  these 
glands  are  situat<'d  near  blood-vessels,  the  latter  may  V>e  secondarily  in- 
volved in  the  pigmentation,  and  sometimes  also  in  the  softening,  and  in 
this  way  ])articles  of  the  pigment  may  gain  access  to  the  eireulatioii  and 
may  be  <*arried  to  remote  oi'gaus,  sucli  as  the  liver,  s}>leen,  and  bone-mar- 
row, whei'e  they  may  be  de])osited  (ef.  §  IS). 
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Among  the  pigTHRntAtions  wliich  may  result  fn»nj  absorption  thnni^jh 
the  intcHtiiio  we  may  mention  the  eondition  known  as  artfifria,  which  iw 
depeudi'nt  upon  the  lonf^-contiiiued  UBe  of  pivpanttions  of  silvftr.  The 
skill  under  tiieur  crircurnstjinceg  may 
lissume  an  intense  jrniyish-ljrown 
eoloration,  and  in  a  siiiiilar  way  the 
iutiTual  ortrans  may  underjjo  pi^rnien 
tuition  to  a  trreater  tir  less  di'jn*t'e,  The 
silver  is  depositeiJ  in  the  frtrni  <»t'  tine 
^iiins  in  the  stroma  of  tin-  tissue^ 
more  espeHtdly  in  tin*  ijjlriiiicnili  mid 
in  the  I'onneetive  tissue  of  the  niednl- 
lury  portion  of  the  kidneys  (Fiji;.  9(*,  AK 
in  the  iirlium  of  the  larj^i-r  vessels,  in 
the  adviMititia  <if  tin*  smaller  arterit^*, 
in  the  Ufijirlihorhood  of  iimcoiis  phiiids, 
in  the  jiapilla^  uf  the  skin,  in  tlie  e<tn 
neetive  lissne  of  tlie  int<'Ktijml  villi, 
and  in  the  ehoroid  plexns  of  tin*  ijit- 
eral  veiitrielej*.  Dt-posits  may  also 
oceur  in  the  senuis  meinhranes,  hut 
epitliellul  ti.ssue^;.  the  brain,  and  the 
wrehnil  vessels  eseape.  Kxtensive  de- 
I>osiLs  in  the  nnMlulljiry  ]iortion  of  ihe 
kidney  may  lead  to  y;rowth  of  dense 
<y>nTie*'tive  tissue,  wliich  rluMi  not  in^ 
frequently  underg*K's  ealeifiealitm. 


«  * 


•    9 


i 


^Mt 


Fio.  tHK  Deposits  of  silver  in  the  p^-ramidal  pnrtinji  of  «  rnb>'it's  kidne^. 
afli-r  the  aninial  haii  rejjiilarly  reri-ived  tixed  doses  of  n  silviT-pn'panilion  lor  » 
period  nf  wiven  months  (cxiierimBnt  of  vttn  Kalilden).  «,  Kpilhehum  of  llic 
<w>liec1in(r-tuhe8 ;  b,  ('onnective  tissue  filled  with  brown  }iT«'uuIej»  of  silver. 
(Preparation  banlened  in  nleohol,  titained  with  Im^nmlozylinf  and  roonntod  in 
Canada  balsam.     Mafruilied  5[?]  diameters.  | 

Iron  partieles  Uiki'U  \nttt  the  body  in  larjre  amnuiit  may  also  lend  ti^ 
pifjitnM)tatii)ti  of  the  bone.marrf)w,  spleen,  ami  lymph-^Iaud.s  though 
rarely  to  wuch  an  extent  as  to  be  visilde  to  the  umiided  eye. 


XIII.  Cyst-formation. 


§  78.  A  cyst  18  A  pireiimseribed  ea^^ty  whieh  is  shut  off  from  the  Rnr- 
ronmlinp-  tissues  by  a  eunnei'tive-tissne  Tiir'Uihrane  or  In*  tissue  of  euuiidcx 
strurlure,  jind  whose  ront-cnts  nr*'  <liflri'rrnt  tVum  this  enpsnlc  Wlipn  a 
cyst  roriijjrises  only  a  sin^de  sneli  eavity  it  is  eaUe<I  a  .'<hnpif  rifst:  when  it 
is  di\nd«'d  into  a  numbrr  of  eompartments  it  is  said  to  he  nttfitih/ntlnr. 

The  mtmt  fret|uent  form  of  cyst  is  theso-ealled  retention  cyst,  whieh 
results  from  the  iweuTiiuhition  of  s<N'retion  in  a  duet  of  a  irlandnlar  orpran, 
in  the  ifland  itself,  or  in  any  preiixistent  eanal.  Tliey  nil  hiive  an  *•/«'• 
thrlhil  or  t'ininthfliitl  fining. 

Thcsi'  i-ysts  I'onn  in  r»rL'ans  proviiled  with  an  open  duet,  when  oblitera- 
tion of  this  outlet  oeeurs  in  any  part  of  its  eourse.  provide<l  that  actively 
secreting  parenehyma  still  i-xistw  beyond  the  point  of  obiiU*ratit)n.     Tlu-y 
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an*  iu'(Mirriii)|rly  nifl  willi  in  th«* 
follji'lt-i^,  in  tljc  utmijc  i;lnnijj«. 


^' 


TV' 


.  n 


(H'Hufruiii*  (^andx  of  the  etkin.  in  th«  hair- 
in  tho  mufouK  glands  of  the  alinifntary 
tiiu'f,  in  lii**  t'piilitlyniis  (Ki^.  01,  rl.  in 
the  nrinHry  tubules.  un<l  less  frtfjnrutly 
in  the  ^alt-iliii^rs  ami  their  glands,  in  tin* 
hrt-uht,  ifi  tlif  iMiiiereas  (Ki^r.  y2,  h),  in  the 
^InndH  of  the  in<mtli. ete.  Larf^ereauuU 
limy  alwt  lre<*oiue  eyslie — iw*,  for  example, 
the  nn'tfi-s,  the  verniifoiin  a]>{>emlix,  and 
the  Kalhuiian  tnhen  (Fig.  93.  r). 

Till'  ohstruetinn  of  the  duet  neces- 
Hary  to  ennne  a  retention  eyst  may  bo 
brought  altoiit  by  neeumulation  of  the 
secretion  of  the  glnnd.  or  by  eieatrieiaJ 
•  ir  neojihislie  roinpresi^ion  and  CODHe- 
ipient  obliterutioii. 

Fiu.  91. — Hvetion  of  the  testicle  and  epi- 
didviuiH,  showing  midtipltie\titK  in  the  head 


rt.  Testicle ;  fc.  Epidiily- 
(Nearly  n'ntand  si/i*.) 


till*  ••itiflifK'mi 
mi^;  0,  ('yst  iiniken  up  into  cozn(>arttQenU 


CloHod  glandular  eavilies,  stielt  i\»  the  folliclos  of  the  th^Toid  gland,  of 
the  ovary,  i»r  of  thif  purovaniini,  undergo  eystie  degmieration  when  their 
walls  pour  out  an  inonlinato  amount  of  seeivtion.  Siinilarly.  remains  of 
fo'tiil  riiiuilN  or  I'lt-n?; — ffir  I'XMmplt'.  those  of  1h«'  bninehiuJ  eleft*,  of  the 
uriH'ljuw.  or  of  Miiller'H  ducts — m»iy  bi»eome  eysrie. 


Fw.  99*— Cyst  of  Oi<*  jMnprcMi,  (mufwl  by  diUtntion  of  a  branch  of  Winoing's 
duel.  «.  Olniululnr  liwtive ;  K  »'>•»« :  c Transverse  fi«otioa  of  «n  artery ;  d.  Lon^^- 
ludiual  soeliou  of  n  vein.     (Kaiuml  mk.) 


SmnU  oysts.  sueh  as  an^  met  with  in  mue*>uii  glandiN  varv  in  siie  up 
to  that  of  a  !>**».  l*arpT  eVTsts,  hke  those  oeeurrinir  xn  the  liver  and  in 
ihe  ovary,  may  rtltaiu  the  sixe  of  the  t\*l  ^r  >>»'  even  larger. 

The  e*»i\leuts  t»f  eyst.s  df|M*ud  uih>u  the  uatun-  of  the  tissue  in  whieh 
th^^v  are  forwuHl.  Thus  eysts  of  the  hair-foUicles  and  of  the  sebaocoos 
glands  (aJA<r*»aNjM^  tHtutain  a  send-wdid  material,  whitish,  gravish..  or 
Ur».»wui!di  in  wdor.  rt^nijHwtni  ehierty  n{  sipiamooa  epithelial  ertls,  EiU- 
gloUalea,  and  eholrsterin ;  e\Ttts  fonu<*«l  in  nuuHMig  gUuMis  ronUun  ekar, 
or.  wb«i  eelUiUr  elenieut*  arv  afc»>  ptwent,  milky.  nitKH^ns  UqninL    Wben 
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hfcniorrha^s  Ukt*  pla'*4*  into  rj*sti<^  cavities  the  >»lootl  inipartn  \t»  color  to 
the  oyst-cont^its,  makinir  tlnMii  ivd  or  >>mwiiisli.  C*ystic  (Iraafiaii  t'tiUieles 
asuaUy  contain  clear,  nson*  or  htm  colored  lifjuiil ;  oysts  uf  the  tliyi^oitl 


^J 


r;^i 


^ 


;-T^v 


/ 
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Fig.  93. — Dropsy  of  the  Fallopian  tnhe,  with  p^Tisalpiiipitie  and  periorariau 
adhesions,  n,  Uti^rus ;  ft.  Uterine  portion  of  the  tnhe;  r,  Ahdoniinal  end  of  the 
tulwr,  in  a  condition  of  cyshc  dejreneration  and  adherini?  to  the  neighboring 
parts;  d,  Ovmy;  e.  Membranous  adhesion.     {Two-thirds  natiu*al  size.) 


^1«ik1  and  of  the  kidney  eontain  eolloid  material,  or  clear,  thoujrh  ooca- 
mmally  cloudy,  liquid. 

HHent'toii  ajsts  Htn'il  with  fiuMhtihim  may  arise  fnmi  blooil- vessels, 
lyiiiphaties,  l}nnph-s]Mieefi,  .«yiu>vial  nie]n}>ranes,  or  teiidoii-slH'atlis.  Here 
also  tilt*  nature  of  the  eyst-e4)ntents  <h']>erids  uptMi  its  phiee  i>f  oripin. 
N<»t  infretiUfUtly  tlie  eondilion  resiiltinfLr  in  eyst-foniiation  is  eausinl  hy 
the  shutting  off  of  a  portion  of  one  of  tlu*  eavities  ah-eady  uaiiietl  by  a 
(•oiislrictiou. 

Ari  enlargement  of  a  retention  eyst  (?oe8  on  it  is  quite  necessary'  that 
the  tissue  etmiposiuj;  its  wall  should  also  develop,  fur  othnrwisf  defects 
in  its  wall  wouhl  result.  t'yst-f<nnnati(m  is,  theii'fore,  not  nn  exelusively 
deperierativo  pnn'ess.  The  epitlielial  or  eiulothelial  eells  lininp  the  i^vst- 
wnll  are  the  first  to  .show  this  <levehipnieut.  but  the  eonneetive  tissne 
upon  whie-h  thesis  eells  rest  partieipati-s  in  it  also,  as  a  rule,  and  iruiy 
even,  despite  the  stretc'hinjr.  hpeonie  increased  iu  thiekuess.  It  should 
fiu-ther  he  statf-d  that  eyst-forniatinu  is  very  frei(uently  associated  with 
the  pftfkolo^imJ  flrrelopmmf  of  uftr  fjIntuJtftttr  tissiit-.  and  constitutet!,  there- 
fore, a  secondary  alteration  in  hypcrtrojkhiic  or  tnnior-like  i^owlhs.  Cou- 
setiuently  it  is  sometimes  impossible  U*  distiufruish  l>etween  simple  reten- 
tion eystit  of  preexist<*nt  ^land-ducts  ainl  glaud-vesieles,  on  tije  one  hand, 
and  those  ttunors,  on  the  other,  which  are  charaelerized  hy  the  presence  of 
eyst-formations  (the  eystomata).  Siuiiltirly,  cysts  lined  with  endothelium 
mav  originate  from  newlv  developed  Ivniph  spaces  and  ducts. 
13 
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A  second  variety  of  cyst  comprises  the  cysts  which  result  from  de- 
generation, softening:,  and  liquefaction  of  a  portion  of  tissue.  Cysts 
are  formed  in  this  manner  in  the  brain,  in  enlarged  thyroid  glands,  and 
even  in  tumors.  They  are  usually  filled  with  either  a  clear  or  a  more  or 
less  cloudy  liquid. 

A  third  kind  of  cyst  results  from  the  formation  of  a  dense  capsule  of 
connective  tissue  about  any  foreign  substance  which  may  have  found 
entrance  into  the  body — as,  for  example,  around  a  parasite. 

A  fourth  variety  of  cyst  is  formed  by  parasites  which  pass  through 
a  cystic  stage  in  the  course  of  their  development  in  the  body. 


SECTION   V. 

Hypertrophy  and  Regeneration  of  the  Tissues  and 

Ors;ans. 

I.  General  Considerations  Concerning  the  Processes  called  Hyper- 
trophy and  Re^eneratiun,  and  the  Cellular  Changes  that  Accom- 
pany Them. 


^'^y 


§  79.  By  hypertrophy  is  moant  nii  iiiftivase  \\\  the  jjnl>stnu<*p  of  a  tis- 
sue or  or^u,  ijniui;lit  alMmt  liy  ati  iiioi^ease  in  or  mnltiplicatioii  of  its 
elements,  in  such  a  wny  (hat  the  structure  of  the  byitertrophied  tiKSue  is 
simihir  to.  or  nt  h*tt.«t  (Uh's  not 
nialcnally  tJiffrr  from,  thut  <it' 
the  tKiniui]. 

Hy  regeneration  is  monnr 
th«  iiro<*e.s!5  Ijv  wliirli  a  hjss  ot" 
sulistaurt?  iu  H  tiHSUtf  is  ivst«rwl 
by  11  ni'W  tissue  that  is  exactly 
like  that  which  was  lost,  or  at 
h'a^tthat  I'oritairis  tlie  sauie  ele- 
mt-'iits  which  it  had. 

Hy]M-rtrophy  may  i^esnlt 
from  iL  iii()rl>ifl  iinpiilsH  existing 
in  the  jrcrm-phism  itself,  or  from 
an  ini|>uisi'  oripnatiii^  iUiriii«r 
the  lif<^  of  the  imlividual.  Ke- 
f?onomtion,  <tn  the  cuutrary,  is 
always  Mfcomtary  to  a  tinsne- 
lesiun,  which,  him'ever,  may  <«•- 
cur  thirin<r  either  intra-ulcriih- 
or  extra-uterine  life. 

If  iin  ahnonnal  tissue-in- 
ennise  takes  jthiet'  iluriug  the 
peritMl  iff  onihrynnie  ilevelo|v 
ment  orof  4'xtrrt-ut+'riiie  f»Towtii, 
and  U'  there  iu*e  no  intlueriees 
diseovei*al>le  which  wttnld  seem 
ti»  aeeonnt  for  tlie  tissue-jarowtli. 
then  we  ai'e  disposed  to  reirard 
it    as  the  resniT   (vf  embryonic 

impulses,  and  s<»  we  eaU  il  hypertrophy  of  congenital  origin.  If  the 
enlarjrement  affects  the  entire  hody — for  e.xamph*.  if  a  newly  horn  child 
weighs  Jj  or  6  kg.,  or  if  an  individual  reaches  tlie  lieight  of  180  or  200  cm. 
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Fig.  94.— Elephantiasis  femurum  neu- 
omatosu. 
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— this  U  oailtHl  general  giant  growth.  If  tl»e  growth  affects  only  t'ertain 
parte  of  tilt.*  biKiy — for  i'Xflrni>It'.  tin*  eiiiirr  Lfftd  or  one  lialf  of  it,  or  one 
extremity,  us  u  finper.  nr  the  laMii  iiiajoni  or  miunra — it  in  eallerl  a  ptittitil 

giant  groirth.  IIyj)ertroiiliii*  j^owtlis  of 
tlie  s-kin  tlint  lead  to  '•hniifjes  MigiLrestinj^ 
l)ie  skiii-foriuHtioii  uf  the  i>Mehy»U'riiiattt 
lire  ealleii  dfphnittmsis  (Fijrs.  Il4  ami  95). 
In  hy]K-rtrfti»hy  of  a  linih  or  of  a  fin- 
der all  the  eleiueuli*  of  the  part  are  iini- 
fomily  enlarged.  In  elepliaiitiosis  of  the 
extremities  the  eunneetive  tis.-jue  of  the 
skin  ami  uf  the  Mibeutaueiius  structures 
espeeially  is  apt  to  inerease.  tiioii};h  the 
lU'vehipmeut  antJ  struetuiv  of  these 
^rrou'tlis  shuw  e^tnsifleraMe  variations  in 
that  the  piitholotrieal  new  furiiiatiou 
Mimetiines  affe<'ts  all  the  eonnective-fis- 
»\w  elementj^  unifoniily,  sometinies  single 
elements  only — as,  for  esaniple,  the  cou- 
ntrtive  tissue  of  the  uer\-es  or  the  hlood- 
or  lyn»ph*veseels — or  at  lea.st  takes  it» 
start  from  Ihefee.  For  lliis  reason  it  ha* 
been  eustimiary  to  distinguish  different 
varieties  of  rlephantiasis.  named.  lyrrord- 
inp  to  the  struetnre  of  tlie  liypertropliiy 
tissue,  eleiihantinsis  neuromatosa  (Fig, 
!>4),angiomatosa.  lymphangiectatica  (Fig. 
9."}),  li{>oniat<rsji.  ele. 

To  wlittt  extent  it  is  possible  to  ex- 
plain new  jrrowths  by  eougenital  impulse 
eaiinot  be  exa*'tly  det^'nnitied,  and  in 
many  eases  it  ean  be  ouly  surmised.  In 
general  the  early  apj)eaniMee  of  tiie  g»t>wth.  as  v:<A\  as  the  history  of 
heredity  and  the  absence  of  possifde  external  inlluenet's,  s}»eak8  in  favor 
of  its  eongt^nital  origin.  Yet  later  intluenees  whieh  might  bring  about 
the  growtli  do  not  disprf>ve  a  eong»*nital  origin.  Ffa*  example,  in  the 
Ix»nes,  espeeially  of  the  head  (Fig.  96).  exeensive  Iwny  growths  *>ecur 
whose  bi-ginning  sometimes  follows  the  upmition  of  an  external  cause — 
Aft,  for  examph*.  trauma  <tr  inttammalion.  Sometimes,  on  the  eoiitrary, 
it  oceurs  without  any  sueh  cause.  Sijiee  in  these  eases,  as  we  know  by 
experienee,  the  influences  that  di^termiiu'  the  growth  are  not  by  themselves 
able  Ui  eausi'  it.  tlien'tVur  we  must  explain  the  obsrr\ed  phenonu'ua  on 
the  ground  thai  th*'  trauma,  for  iustanre,  is  merely  the  influenee  that 
starts  up  the  new  growth  in  a  tissue  already  possi'ssiug  eougenital  patho- 
logical inipnlaes. 

^Vry  re<'ently,  under  the  titles  of  ahrtmmjnUf  (Marie*, /j*rfA//*iA'nVi  (von 
ReeklinghauseiiV  and  osteon rthropn f hie  htf/trrirophiuHff  (Marie),  there  have 
bt'eii  ih'ScribiMl  rt'Vtain  ]>»*ruliar  enlurgements  of  the  tips  of  the  extremities 
(Fig.  97).  in  some  caK-s  assoeiatnl  with  fnlargcment  of  the  fa<'e  and  with 
deformities  of  the  spimd  <'olumn.  These  eases  iuul  oorurred  for  the  most 
part  in  early  or  middle  life,  less  oft^n  in  later  life,  and  had  developetl 
gradually. 

So  far  as  anatomical  investigation  (by  Arnold.  Marie.  Marinesco, 


Fi(i.  y'».— Elephuutiafiiu  cru 
ris  lynipbaugiectatioa. 
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Thonisou.  Holsti)  has  Vteon  able  to  make  nut,  the  ohaiigo  consists  iti  an 
increase  in  all  the  tissues  that  go  to  make  up  the  extremititis  aud  the 
face.     In   tliis  increa-se   the  boiifft 
also  take  i)art,  in  tiiat  they  jrrow 
tliicker  (Fi{r.  98)  ami  at  the  stime 
tirni'  limy  bt*  the  seat  of  nmiuh'il  or 

JKiiutctl  exostoses.  Ou  tlie  other 
iniitl,  lip  to  the  present,  an  ini-rease 
in  tiie  Icnjrth  of  the  bones  ha.s  not 
beeu  (h-monstrnted  in  tliis  disease 
(von  Reekliughaiiseu,  Arnohl),  and 
s\i  thv  ti'rni  jmeliyakcia  of  von 
Keekttu^hausi'n  Is  rtttin*rly  ehosen. 
Tht'  cmisf  and  iiiitnre  nf  these 
morbid  jiln'mujiena  are  still  ob- 
seure,  and  the  above  names  (ire  not 
use<l  by  all  authors  witli  the  same 
8ipnifie.ance.  In  Oermany  the  term 
akroniegaly  is  applied  to  all  forms 
of  etdargements  of  tlie  ends  of  the 
limbs  whieh  lead  to  a  paw-like  ai>- 
])earan('e  of  the  luinds  and  a  gif^fan- 
tesfpie  api>eju'ant*e  of  the  feet,  wliile 
Marie,  who  first  descnUcd  these 
jiathol<tj,''ii'jd  manifestations,  tries 
to  draw  a  marked  distineti<m  be- 
Iwrt'd  akroiirej:aly  andostnmrthro- 
patliie  hy(>ertrophiante.  He  holds 
that  in  akronie^aly  the  hands  and 
feet  are   not   defonnnd,  but   sym- 

inetrieally  erdiin^ed,  and,  indeed,  Ihat  the  thiekeuing  aud  broadeniug  dim- 
inish at  the  ends,  so  tliiit  the  terminii!  phahiniji's  are  only  slightJy  thiek- 
ened.  (Mi  tlie  other  hand,  he  holds  tltjil  in  oste<i!uihroj»ntlne  by])ertroplii- 
ante  the  terniin;d  jihaluni^Hs  urn  swollen  so  as  to  resemble  drumsticks,  and 
the  artieiilar  cuds  4if  the  bones  are  iri-egidarly  thickened.  In  the  former 
case,  moirovcr,  the  lower  jaw  is  lengthened,  in  the  latter  ease  it  is  thick- 
ened. Marie  believes  that  in  many  euses  (vsteoarthrojinthie  hyperlrophi- 
aute  is  a  sequela  of  an  iullamniattiry  affection  of  the  lungs  aud  pleurte. 
Aeeovdingly  he  calls  it  osteoarthropathie  hyp4*rtropliiantr  pneumique, 
and  be  believes  that  the  cause  is  to  be  t'ouml  in  a  taking;  up  of  the  toxie 
])nMln''ts  of  Ihe  body-iluiils  from  the  fo<'i  of  inflannnati<ui  in  the  hnigs; 
so  that  the  disease  of  the  boues  nniy  Im*  regarded  as  an  infectious,  toxie. 
hyperlrophie  inttainnnitiou. 

Sttrtic  other  aulhoi-s  regard  akromeguly  and  ost^oarthopathie  hyjier- 
trophiaiite  as  the  result  of  a  congenital  predisposition  (Virchow);  others 
as  the  result  of  disturbances  of  the  sexual  organs  (Freund) ;  others  as  due 
to  hypertrophy  of  the  hyjmphysis  {Henn»l.  Klebs)  or  to  a  persistence 
of  the  thymus  gland  (ErVt.  Klebs) ;  still  othei-s  believe  them  to  l>e  due  to 
nervous  inMnences  (von  Reeklinghauseu).  Nevertheless  none  of  these 
h_\iM>tlieses  is  snp]n>rted  by  anatomical  aud  eliuipal  ftbservati<ms.  Finally, 
as  a  result  of  th<'  investigations  that  have  lieeu  made,  it  seems  fair  to 
assume  that  in  the  disease  under  eousidemtiou  we  have  to  tin  not  witb 
excessive  growth  that  can  be  citrnpared  with  tlie  partial  giant  gi'owths, 


Fio,  96.— Leontiasia  r>8»e-a,  occur- 
ring in  n  boy  the  subject  of  general 
giant  growth.   (Observed  by  von  Bulil.) 
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Fm.  ft7.— AkromofTdlv,  acconlin^^  to  Erb  and  Arnold, 
according  to  Marie  and  Nmiyi-lA-ite.) 

but  with  acquired  morbid  coutlifioiis,  which  tlevt^lop  eitlifr  as  independent 
diseases  (aki*o»u'triily,  pachyakria)  or  a.s  sccniHhirv  phenomena  in  tlie 
conrse  of  other  dineases  (o*?twarthr(»paUiie  liyjiertrophiante  i^iieiiniiqne). 

The  siite  of  xha  entire  body  as  well  as  of  ita  separate  parts  and  organs  is  sub- 
ject to  ooQoiderablu  variatiiins  within  the  nunnal  pbysiologi^al  limits,  aceording' 


Fig.  08.— Skeleton  of  the  hand  T^-ith  hv-pertrnpbied  bones,  from  the  case  of 
akrtimegaly  pictured  in  Fip.  S(7.     (After  Arnold.) 
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to  race,  family^  and  individual  idiosyncrasy.    The  variation  in  the  relation  of 

the  size  of  the  separate  parts  aii<l  orjrans  to  that  of  the  entire  body  is  les*.  jrreat, 

A  most  excellent  compilation  of  statistics  bearing  upon  this  matter  is^vcn 
by  Vierordt  iu  liis  book  *  as  well  rh  in  his  article,  whicb  was  published  some- 
wfmt  earUer.f     I  select  from  the  first  mentioned  the  following  oatA : 

The  average  hei^rht  of  well-hiiilt  individuals  is^  men  172  cm.,  women  100  cm.; 
of  the  newly  b<ini,  ninleH  47.4,  females  4li.7.T  cm.  The  average  iKxly-weight  in 
Europe  is  for  man  <i5  kg.,  for  woman  .55  kjj.,  for  the  newly  bom  3250  grammes. 

The  averajpre  weight  of  or^-ans  is  as  follows,  the  flijures  in  pai-entheses  beinR' 
for  the  newly  bom  :  brain,  1397  (38o)  jfnimmes ;  heart,  3(M  (24) :  lunps,  1 172  (58); 
liver,  1GT2  "(118):  spleen.  201  (11.1);  right  kidncv.  131:  left  kidiicv.  loO ;  both 
kidneys,  21>9  (23.0);  testicles,  48  (0.8);  niuwde^s  29,880  (62.5);  skeleton,  11,5(10  (445) 
p-ammes.  Expresaerl  iu  percentAg^es  of  the  b<idy-weight  we  have  the  following 
fljfures,  those  in  parentheses  beiuj;  for  tlie  newlv  bom  :  Jieart,  0..52  (0.8i>) :  kid- 
neys, 0.48  (0.88) ;  lunpa,  2.01  (2.1fi) :  stomach  and  intestinal  canal,  2.34  (2.53) ; 
apfeea,  0.340(0.41);  liver,  2.77(4.39);  brain.  2.37(14.:U);  suprarenal  bodies, 
0.014  (0.31) ;  thymus,  0.(K)S*>  (0..'>4) ;  skeleton,  15.;i.5  (10.71;  nuiseles,  4:^.(n)  (23.4).  ^ 

The  iilientMneiia  that  have  been  described  muler  the  names  osteoarthropathje 
hj.'pertrophiante  and  akr(tmepaly  and  pachyakria  nre  clearly  enough  n(»t  a  single 
disease.  In  one  set  of  cases  we  have  to  do  with  a  series  of  ounioal  symptoms  that 
occur  in  the  coupbo  of   infections, 


such  AS  tuberculosis  and  syphilis 
while  in  anotlier  set  of  cases  llie  eli* 
ologj'  is  unknown.  It  is  a  crj'pto- 
geuelic  disease.  An  excellent  survey 
of  the  present  status  of  the  question 
is  given  in  the  works  of  ^Vniold, 

For  the  further  consideration  of 
general  and  partial  giant  growth  and 
elephantiasis,  see  the  chapter  upon 
Single  Malformations  in  Secrion 
Vin.,  as  well  as  the  chapters  upon 
the  Pathological  Anatomy  of  the 
Skin  and  the  bones. 


§  80.  As  has  already  been  said 
in  §  70.  the  hypertrophies  that 
are  the  outcome  of  conji^enital 
impulses,  and  which  occur  with- 
out any  dis4.'overable  eau.se,  iiiiiy 
affect  not  only  whole  .seirtions  of 
the  body  or  entire  organs,  bnt, 
starting  in  winu-  single  tissue-ele- 
mentis,  luay  limit  themselves  to 
one  or  two  kinds  of  tissui's.  This 
is*  inanifesl4«d  in  an  es|>eeially 
striking  way  in  the  affeotiou 
which  is  called  irhtln/osis,  a  pecn- 
iiar  anomaly  of  the  epidermis  in 
wiiich  tlie  horny  layers  show  a 
more  or  less  marked  hyi)er- 
troj>hy. 
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Fig.  99. — Ichthyosis  congenita. 


•  Entitled  **  Anatomische,  physiologische  and  physikahfichc  Daten  und 
Tabellen  zum  Gebrauche  fiir  >Ie<liciner,'*  Jena,  1893. 

f  "  Das  Massenwachsthum  der  Ktirpcrorgane  des  Menschen/  Arch,  f,  AnaL 
tf.  Pbys.,  1800. 


tctmtxfmr  WAimi.— frrpEamn/iioMB, 


In  iht*  form  ku*fwu  «■  ir/i/hyoma  rim'j*§4itn  on*-  HimU  pvpii  in  !;«?  m-wly 
U/m  «  nimilnr  iic"^- ■■-  i"  'i-  h^iniy  hi^^r,  im*(I  i^ftj**-!*  i**'nir  in  whirh  llw* 
«rlM;U*  itMff««'  'ff  /  *.K»)  in  m/v#tw|  with  thi''k  platen  of  bom, 

•nittmlMl  fr'iii  ou"  ^icnii'-r  nv  'Ta«rkii  nnd  AMNiircvi,  Tb'*M'  jil;it»*tt  founivt 
m  mmitm  «iiJ  Uiiii'JJtf*  »)ii<'h  iir«*  iiifTi'wJ  l»y  th*-  hiiini.  (frfir-nilly  iit  an 
oMiiftitf*  'i  ttiti]  tlii'y  nniult  fnmi  an  uif^rKajur  in  tlif  nfmtm]  e\H- 

i\n'Un\  I')  '.f  tit'-  ftkin. 

Jh  »»tji»-i  vaiw*!,  nt  rt  I«nt  iM-ri'"! — f"r  'tuniHUff,tUitiuic  thf  finrt  y<*or  *rf 
hft' — ''iri'iifiiiw'rilH'«l  nn'MH  of  tlii'lcninff  of  Um*  •'iinWiiiii*  i|i*vc'I(#ji,  -vrhifh 
f"nii  ftnn  wmIc*  nmJ  iWati-i*,  ^miftiinaaMiMlliT,  aotDctinnff  larfffr,  (rinnip 
tlif*  itkin  II  rofiich  or  rm't'ki'nMl  njiiH^AmiMw.  Tb«*  eoriuui  ami  tin*  |iA]iilljir)' 
lnyt-t  frfn«*mlly  an*  not.  involvwl  in  tUv  U'hthytmw,  Ni-v<'rthflLf«  then* 
ai'i*  ftniM'ii  in  wnjcli,  in  the  nrraii  of  iflitliyi^in.  llu-  nnpillnrv  Inynr  i.*!  Iiv|M*r- 
IronhiwI,  aniJ  in  tU*'tu'  i-aw^  the  ronj^Jmniii  nf  iIm*  Niirfiwri*  m  irit«-it^it1*il 
(irhthffOHU  hynlri/).  If  tti**  rlinnir*'  »■  codrtfi*'*!  to  Mmnll.  liniit*'(i  «|miIh. 
Ih«t»  fin'nnidiTJlH'd  Wfirli>  willi  roiijcli  foilhi-Iiiil  covtrinjf  an-  fonnc*!,  nnd 
IIm'w  may  !/<■  ''all'*<i  ithfhffotif  inntn.  In  ran*  caww  tlu-n*  iir*-  *l*-\<-]oi>*-<I 
iitill  more  i'xU'tUwf  Xnyftn  of  <'|fitliHinfn  ov*t  tli**  livyMrlropJiifti  imjiilla', 
wtnw-  m'tiXfp  an*  nrnin|f<Ml  jH>r]H'niln'ularly  to  tli«*  layerv  of  tiK'  Mkiu^  awl 


Kiif.  UM). 


Kiff.  101. 
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Flo.  100,— Ccirnn  ruU- 
nnum,  7cni*nr«i  fivim  hack 
"f  tiniid.     (S'liturttI  Mii\) 

Fin.  101,— €ornu    cuta- 
ru'Uin,  romovw!  fn»Tn  nnn. 
'Kntnml  mwi.) 


tlif^ip  aonM*tliri''H  rciM'li  Piifh  iliini'nKtonH  that  they  arc*  nailed  epitierwal 
hmm  (Kl(rf..  100  an*!  lOl). 

In  very  rnrt'  vnm-n  hyix*rti'ophi<*  rpithi'lial  fj^rowtiiH  without  known 
rauM'  ocriif  uti  till*  liiirfiMfof  i)m< 
niiK'onft  iiD'fntrriMM'  of  (lit*  month, 
find  tlicn-  i»  ii  iM'cnIiiir  ilirfitM* 
knovvn  »»  /'/</r^  ////o'i!/  ft/Hf/itt,  wliirli 
Ifl  rliiirm'tcri/.*'*!  Iiv  lln'  fommllon 
of  a  \f\ni'U  or  t;rnwii  i'|(ithi*ltfil 
Ijrowlh  oviT  thf  )iti|'illir  fItifiinnfM. 

liy  Hie  hyjji'ilroidiic  (IrVflttjK 
nH'ht  of  hair  in  Mitiintioni  uhcru 
only  Woolly  loilr,  or  fv'i*ii  no  iM-r- 
Itnini-nl  htiit-  mI  till,  hImmiIiI  occur, 
I liM'i' in  brought  fihoiit  iin  ahnornidl 
halrinoM  ovrr  n  ljtnri*r  or  fmiiillrr 
art*M  of  iIm*  twHly,  whirh  i»i  kinmn 
aN  hffft*rfr{thinitii,  fiml  tlilH  in  «'X* 
jiliiinrd  citlicr  mh  ii  iirrMiMtcncc  or 
ai'rtoriiMil  (|i'Vf'In[>ni**ril  of  lln-  itri- 
niiiry  or  ilown  like  Iiiiii>,  or  ll^  a 
|ialliolo^ii*iil  ili'Vt'lojiirM'hl  of  tlir 
lUMMindary  lialm,     KxcoMHivr  ^iwlh 


^^^ 


FfO.  102.— Heat!  of  n  hairy  Individ* 

\u\\,n  wonifin.     (Fmin  llohra.) 


IIYl'KKTieOPHV    FUOM  OVKIiWOHK. 
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of  tho  iiftil.s  lfta<iH  to  tlimr  jxit  holoj^ioal  over|fn>w1]»,  U^  hjpcronijrhia^  w 
i»  (»fUMi  followed  \*\  ouifchfujrtfpbosi.s,  f»r  rlHW-liki*  (Iffnfiiiilir**  of  the  li 
It  niiiNt.  however,  he  noted  timt  ]>utljulo(ricul  iitort^afieof  the  uaihi  is  geu- 
i^nilly  BN  in'«iuirei|  diwiiw*. 

An  tihnormttt  ot'ftujrowth  of  ihf  'intt'nutJ  or<jnn»  in  i>f  veiy  rnn»  occur- 
reTiPc,  HMil  in  to  he  re^Hnieil  ivally  as  an  anomaly  of  p'nwth  and  not  iw 
lh«'  n*Kult  of  intra  iitrritif  inHneneeH,  uml  it  irentTnlly  is  so  limits'*!  that 
wv  nmy  rUisx  it  aiii*m^  t)ie  imliviihiitl  variationM  in  it'tranl  to  extent  of 
(|i'v<'l<i)iit)cnt,  Tin*  l>nun  ari'l  xpiiiul  eon!  wx^*  the  e<iinirionest  Neat  of 
Kueh  ]>iitholo^i'itl  enlai'^<-nierit.  iiml  it  euuHiKtH,  an  far  »»  we  know,  iu  an 
inerease  HonietiitieH  (tf  nil  the  elements  of  the  organs,  Noinetimeti  only  of 
cortaiu  uf  the  tiHHiie.eleinuatJ!i. 

^  A1.  Hypertrophies  of  the  tissues  from  causes  operatinjc  durinjc 
extra-uterine  life  nre  hrouij^hi  hIhhiI  most  dfteii  l>y  an  inereaH*'  in  the 
work  that  t)ie  tissiies  aiirl  or^^uiH  are  eii]]e<l  ii|M>n  to  (h> ;  hut  they  may 
r<*sult.  toif,  from  other  eanses. 

Hypertrophy  from  overwork  in  (tftent'wt  met  with  in  mnsdis  ami  in 
yhnttl.H,  hill  limy  rnsMir  in  oIIkt  structures.  If  the  heart  is  I'lillrd  uii(*n  to 
cl>t  nn  exlni  iKJioinit  of  w<trk,  liy  reason  4if  s]»i'''ial  valviihu*  or  aortic,  mn- 
(tttions,  ami  il'  Micse  ciMuhtiouH  exist  for  a  iMiiiKJih'niUh^  Icii^lli  of  time, 
then  that  part  of  (he  ln'arl-niuseh'  npon  whieii  this  extra  work  fiiUn  suf- 
fers a  more  or  h'ss  nmrkeii  liy[K-rtt'o|ihy.  inul  in  this  way  the  total  hn]k 
of  tin-  urj^au  may  reurh  tloultji*  llie  normal,  or  even  more. 


>Y>^' 


T 


'>J'». 


FlQ.  103.— Trans venw  9ectif>n  of  a  heart,  with  hj-pertrophy  of  tli**  left  ven- 
trlcltt  in  iiiNuftU'ietun'  iind  Htonosia  of  tho  aortio  Olives,  a,  Tjeft  ventricle ;  fc,  Bi^rht 
vtMilriele.     (Natural  sixe.) 

.Similarly,  Htritiled  innacl  *,  also  the  mn»*nlKr  layers  of  the  bluiUler. 

the  Tin-tcrs,  the  nt<'nis.  the  intestine,  and  thf  hlood-vessi-ls,  may  Iwcoino 
hypertrophieil  from  a  persistent  ineji'iwe  iu  their  witivity. 


i 
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COMPEXSATUHV  HYrERTBOPHY. 


Of  the  plniids,  it  i«  the  kirftteys  iiiid//M'  lirer  esi>ecia]ly  that  are  capable*  of 
r'liHiiy:iiig  tbi'ir  siz**  t4t Miil  functional  in?*?ds,  mul  c'oriTsjHUjiliii^ly  it  is  tiifse 
j^Iamls  that  an'  most  linbli'timutliTpihyjioi'ti'oiiUy.  If  uiu-  kiduoylMM-onn's 
tlt-strovi'd,  thi'  otliei"  is  (-apiibb*  uf  uimKt^*''"^  mu-1i  an  t^iiljirp'inHiii  that  it 
may  ri*ni*}i  «ivjirnxiinut<*ly  thi*  sunu*  WfiijIiT  ibat  tlif  two  kitlneys  top.'tlier 
onginaUy  bjnl.  In  tlie  siiin*'  way,  tlie  livt>r,  afU^r  dejiirwt'utu  of  part  of 
iti*  paif  iK'liwiia  by  ilisoasc,  is  frt[>abb'  of  conipi-iisatinjir  for  its  btss  by  a 
hyjK^rtfophy  of  the  ivniaimliT.  Tnis  advaiiUi(;tHius  iiicivase  is  r'niled  com- 
pensatory hypjerlrophy,  bemuse  by  it  the  iM»rniiil  fimrtit)]i  of  tin*  orjran 
is  restored.  Onr  imiy  ajiply  llie  saini*  tmri  alst*  to  rHusi'lr-liypcilrupliy, 
if  by  means  of  it  lost  function  is  ivstoivd.  In  tin*  easo  of  sonte  otl»*r 
•rbinds.  as  thi-  salivary  inlands,  ttvaries.  ti>ti<']«'s,  antS  nianniuv.  <*tinipcnsa- 
tory  liy]p<'rtnip|iy  either  dties  not  occur  at  all  or  takes  p]u)*e  only  under 
special  cin'unistances.  as,  for  instance,  when  fi*om  loss  of  one  part  of  tlie 
{jland  tijc  work  of  tlie  rest  is  incivased.  For  example,  it  is  jiossiblc  that, 
in  the  cuw  of  ;.  nursing:  woumii  who  has  lost  one  majunia,  the  ^renter 
demands  mmle  ujton  the  otlier  may  result  in  an  increase  iu  its  activity 
and  a  greater  developnii'ut  of  its  sccn-rinir  parenchyma.  IIr)wever.  the 
loss  of  inMMtvary  or  ti'stielr  in  adult  lib*  ran  hardly  ri-sidl  in  an  increased 
ai'tivily  or  hypertrophy  <if  the  ivmaining  one.  In  the  '-ase  of  the  tlly^^id 
gla»id,  extirpation  of  the  largt-r  j»art  uf  it  is  grncrally  not  folhiwrd  by 
any  material  liyt»prtropliy  (if  the  piect*  ri-nmining.  On  the  itther  hand, 
the  hypophysis  ^utft'i-s  an  cidargeuieut  whii-h  must  bv  regarded  as  com- 
peiisatnr>'.  In  the  case  of  the  lungs,  an  incn-ase  in  thi'  activity  ni  one 
jKU'tifui,  after  lossor  <h'slruction  of  other  parts,  is  gmcrall}  folUtwed  only 
by  a  peniianent  distention,  which,  indeed,  may  even  gt>  on  to  atrophy. 
On  the  contrary,  if  during  embryo  lift*  a  faulty  development  of  one  lung 
takes  phav,  Ihr  otlier  may  lwc(prrie  tlir  sent  of  h  coiiipriiNatorv  grtmth  ; 
juid  in  till'  ctiHc  of  tola!  failure  of  one  luug  U*  devciop.  this  enhirgem«-nt 
of  the  otluT  may  rt-ach  a  vr\y  marked  extent.  (Itlicr  tissues  also  f»ehave 
in  a  similar  wny,  and  it  may  In-  stated  as  a  geutM>d  rule  that  iMHupensn- 
tor\'  deveiopment  of  a  tissue  is  more  nearly  complete  the  yiainfjer  the  in- 
dividual is.  In  the  same  way,  eomi>cusatory  development  of  ihr  kidney!« 
is  moi'c  marked  in  young  than  in  old  jHU'sims.  In  the  c«se  of  the  brain, 
a  compeusittory  growth  td'  one  part,  after  h>ss  of  another,  is  possible  only 
during  the  develo|ijncnlal  period. 

In  ti.*isucs  that  arc  in  eonslaiit  nse  a  lessening  wear  may  h'nd  to 
hypertrophy.  For  instance,  u  diminished  tlcsquauuuion  of  the  epidermal 
layer  of  thf  skin  leads  to  a  pathohtgical  thickening  of  it.  If  the  incisor 
teeth  of  ntdeuts  are  no  longer  normally  worn  down,  by  reason  of  the 
dcstructitni  of  an  iipjHising  looth  or  the  oblique  po.sitiou  of  the  teeth, 
they  may  grow  to  be  very  hmg  ajid  curved  (Fig.  104).     In  the  sainf^ 


FUt.  104.— H^-pertrciphy  of  inoUor  tociih  of  a 
wliit«  rat,  occurring  by  reason  of  i>hli<|ue  posi- 
tion of  the  jftw.    (Natural  size.) 


way,  fluger-  or  toe-nails  may  n-acb  nn  abnormal  size,  by  reason  cither  of 
ab8<?uc<'  fif  wear  or  of  their  being  left  uncut.  ()rgans  which  uuderjro  a 
temporary  enlargement   and  then  again  become  sraallcr  mav  I 
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hypertrophied  from  a  failure  to  diminish  In  size  after  the  natural  in- 
crease. For  example,  the  uterus,  after  pregnancy,  may  remain  abnor- 
mally large,  from  involution  failing  to  take  place.  Under  some  circum- 
stances the  removal  of  a  normal  pressure  from  a  tissue  may  result  in 
a  new  growth  of  tissue.  For  instance,  the  inner  layer  of  the  skull  be- 
comes thicker  when  the  bi*ain  atrophies  in  early  life  or  fails  to  develop. 
In  atrophy  of  the  kidneys  a  hj'pertrophy  of  the  surrounding  fat  fre- 
quently takes  place. 

Among  the  commonest  causes  of  pathological  new  growth  are  fre- 
quently repeated  or  persistent  irritations  01  the  tissues,  of  mechanical 
or  chemical  nature,  associated  with  disturbances  of  circulation.  Conse- 
(juently  these  may  be  regartied  as  belonging  to  the  chronic  inflammatory 
processes  (cf.  chapter  on  Chronic  Inflammations). 

For  example,  frequently  repeated  mechanical  irritation  of  the  skin 
may  lead  to  the  condition  called  callous  formation  or  corns,  a  condition 
which  is  characterized  by  massive  thickening  of  the  epidennal  layer  of  the 
skin,  partly  also  by  pathological  changes  in  the  papillary  layer  and  the 
corium.  The  frequently  i*epeated  inspiration  of  dust  may  result  in  a  de- 
velopment of  connective  tissue  in  the  lungs,  and  the  irritation  which  the 
gonorrhoeal  secretion  from  the  urethra  brings  about  may  lead  to  a  growth 
of  the  papilhe  of  the  epidermis  in  the  neighborhood,  and  so  to  the  appear- 
ance known  as  condylomata.  Frequently  recurring  inflammation  involv- 
ing considerable  areas  of  skin  often  leads  to  thickening  of  the  nature  of 
elephantiasis,  and  ichthyotic  h\-pertrophy  of  the  epidermis  may  result 
from  the  same  cause.  Epithelial  tissues  and  also  connective  tissues  may 
develop  hypertrophic  growths  by  the  influence  of  bacteria  which  grow  in 
them  and  produce  there  certain  chemical  products — for  example,  tuberde- 
l>acilli  and  actinomycosis. 

In  many  cases  hypertrophic  new  growths  are  developed  without  our 
being  able  to  discover  any  cause  for  them,  and  where  we  cannot  assume 
a  congenital  impulse.  For  example,  extensive  hypertrophy  of  the  lymph- 
glands  occurs,  and  also  of  the  other  lymphadenoid  structures,  as  the 
spleen,  the  cause  of  which  is  entii*ely  unknown  to  us.  In  the  same  way 
we  are  ignorant  of  the  cause  of  the  very  common  hj'pertrophy  of  the 
th}Toid  gland,  and  must  turn  to  hypotheses  to  explain  the  condition. 

§  82.  If  an  organ  is  the  seat  of  a  hyperplasia  it  frequently  is  the  case 
that  all  parts  of  it  do  not  take  equal  part  in  the  hyperplasia.  For  ex- 
ample, if  a  gland  is  enlarged,  we  find  that  in  one  case  this  is  the  result  of 
an  increase  in  the  gland -substance  proj>er ;  in  another,  of  an  increase  in 
the  connective  tissue.  In  the  first  case  we  should  call  it  a  glandular,  in 
the  second  a  fibrous  hyperplasia.  Other  organs  also,  made  up  of  different 
tissues,  behave  in  a  like  way.  The  inequality  in  the  relation  of  the  two 
tissues  to  each  other  may  go  so  far  that  while  the  one  is  markedly  hyper- 
trophied, the  other  not  only  may  not  be  increased,  but,  indeed,  may  even 
be  atrophied.  In  this  latter  case  it  is  for  the  most  part  the  specific  tissue- 
elements  that  atrophy,  such  as  ganglion-cells,  nerves,  gland-cells,  muscles, 
etc.,  while  the  connective-tissue  elements  are  increased.  The  chronic  in- 
flammations are  a  very  common  cause  of  such  a  localized  hyperplasia  of 
connective  tissue-( see -chapter  on  this  subject).  They  play  an  important 
part  in  pathology,  and  only  too  often  hyperplasia  of  the  connective  tis- 
sue, with  atrophy  of-the  parenchyma,  follows  in  their  train. 

The  same  rule  holds  for  regeneration  as  for  hyperplasia.     If  a  part 
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of  a  tissue  is  destroyed,  the  rejfeneration  which  ensues  Is  often  incom- 
plete. The  capacity  for  regeneration  which  the  tissues  and  organs  of 
the  human  organism  possess  is  limited.  Large  pieces  of  tissue  which 
are  lost  cannot  be  restored — as,  for  example,  an  extremity,  a  finger,  or  a 
piece  of  brain.  The  highly  organized  tissues,  and  especially  their  specific 
elements,  possess  only  a  slight  capacity  for  regeneration.  Ganglion-cells, 
for  example,  probably  never  are  regenerated  in  adults,  and  glandular  epi- 
thelium only  if  the  loss  is  slight,  and  if  within  the  tissue  (gland  sacs  or 
tubes)  gland-cells  still  remain  intact.  If  an  injury  has  happened  to  a 
gland,  and  in  consequence  its  continuity  is  broken,  the  wound  is  repaired 
not  by  gland-tissue,  but  by  connective  tissue,  a  pathological  process  that 
is  called  cicatrization. 

The  epithelium  of  the  skin  and  of  the  mouths  of  glands  has  more 
capacity  for  repair  than  the  glandular  ei)ithelium  itself  and  ganglion-cells, 
for  it  is  capable  of  being  regenerated  to  a  very  considerable  extent.  Of 
all  the  connective- tissue  structures,  the  periosteum  especially  is  distin- 
guished by  its  great  power  of  regeneration,  while  cartilage  shows  but 
little  of  this  power. 

If  from  some  embryonic  impulse  a  tissue  is  produced  the  elements  of 
which  are  in  themselves  norm^,  but  do  not  correspond  to  the  structure 
of  the  mother-tissue,  it  is  called  a  heteroplasia.  In  this  sense  a  cicatrix 
in  an  organ — for  example,  in  the  liver — is  a  heteroplasia — a  term  that 
one  employs  to  indicate  that  in  the  area  in  question  connective  tissue  is 
present,  together  with  undeveloped  epithelial  elements,  and  not  true  liver- 
tissue.  Even  in  relation  to  the  connective  tissue  of  the  liver  we  may  still 
call  it  heteroplasia,  inasmuch  as  it  materially  differs  in  structure  from  the 
normal  coimective  tissue  of  the  organ.  The  same  thing  holds  good  for 
connective- tissue  hyperplasia  of  tlie  organs  generally,  especially  for  tliat 
which  develops  after  inflammation.  In  consideration,  however,  of  the 
close  relationship  of  the  tissues  to  one  another,  it  is  generally  not  reck- 
oned among  the  heteroplasfekr  tissue-growths. 

The  tumors  are  the  real  type  of  heteropiattfic  growths.  They  represent 
new  growths,  which,  while  they  may  resemlile  the  mother-tissue  upon 
which  they  grow,  nevertheless  possess  i)eculiarities  which  distinguish 
them  from  the  tissue  upon  which  they  are  developed,  and  justify  us  in 
regarding  the  tumor  as  a  hetei-oplastic  structure. 

§  83.  Changes  in  the  cells  themselves  are  always  the  initial  phe- 
nomenon of  hypertrophy  and  regeneration,  changes  which  lead  first  to 
enlargement  of  the  cells  and  then  to  multiplication  of  them.  In  the 
further  development  of  tlie  new  growth  the  basement  substance  formed 
by  the  cells  may  be  increased. 

In  hypertrophy  the  increase  may  lie  due  entirely  to  enlargement  of  the 
cells,  or  there  may  be  at  the  same  time  a  mxiltii>lication  of  them ;  and 
accordingly  a  distinction  is  nuide  between  simple  hypertrophy,  or  hyper- 
trophy in  the  narrower  sense,  and  ^numerical  hypertrophy,  or  hypefplosiu. 
For  instance,  a  muscular  organ,  such  as  the  uterus  or  heart,  may  jnateri- 
ally  increase  in  size  sinijjly  from  enlargement  of  its  muscle-cells.  Moi*e- 
over,  in  glandular  liypertrophy  an  increase  in  siz«  may  occur  in  the  same 
way  from  enlargement  of  tlie  cells :  though  in  these  cases,  if  the  h\*i>er 
trophy  is  of  considerable  extent,  thei'c  always  occurs  in  addition  a  new 
cell-formation,  so  that  the  process  has  to  be  called  a  hjiierplasia  in  the 
histological  sense. 
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Under  special  cirftnmstnnces  reyeneratiou  also  may  consist  of  simple 
ruhfijcmrnt  of  pre'txiitfitifj  rffh,  or  of  trxfifHtinu  >»/  parh  of  alh  fhat  htve 
bttn  h/nt  (n'jfeiieration  of  axis-cyliutler  prooes.ses  of  ^aijf;liot»-cells).  In 
tin:*  t-ase  of  a  loss  of  consi(lfra)fl«  portions  of  n  tissue  there  jilwavfi  <:u-'eiu*8 
a  multipliriiiiou  of  the  cells  by  dirhion.  iu  addition  to  enlai'gt'ineut  of  theiu. 

Cell-division  lejulin^  t(»  a  f(»rnmtioii  of  lU'W  iiKKUO  is  always  cjmroftfr' 
hal  hij  peciiiinr  prciimimtty  cham/t'^  in  the  nucbi  and  protfiptusm  ;  that  is, 
peculiar  elianj^es  taki*  plaee  in  tlio  nuclei  whirh  i*nal>h*  us  to  predict  tht* 
eoniiij^  divisiou  of  inu-leii.s  and  cell,  evm  in  its  jjivlimiuary  stafres. 

Tlie  completely  developed  nucleus  of  a  cell  p»»Ktiesws  a  fM'cttlittr  struc- 
tnn-  wliicli  may  lie  elearly  made  out  tm  microseopie  examination  witli  a 
lii^li  iiowcr,  and  after  the  pro|M'r  manipulation.  A  nucleus  at  rest  eon- 
sists  of  iiu  *>uler  shell,  or  immhmnt',  itn<l  the  uufhar  r.oKicnis.  This  latter 
seems  to  consist  of  two  ])arts:  cme  a  denser,  more  highly  refracting^ 
iiuelear  substftnoe,  the  other  the  nuidcnr  liuid.  The  nuclmr  jtuid  forms 
a  eolorless  umss.  and  is  also  spoken  of  iis  the  ivtennediattf  substance.  To 
tlie  nuclfiir  .tttbstiinre  belunj,',  in  the  first  phu-e,  the  uucUar  rorpuschs:  iu 
the  second  place,  scattered  {p'auubs  and  thfuid.t,  whicli  offen  t'onn  \\.  fraiHe- 
work  (Fijf.  lO.'O  wijieh  is  clearly  visible  after  jirojMT  treatment,  ami  nuiy 
he  stained  by  the  a^'i'nts  wiiieh  color  nu'.'lei. 

The  nuclear  framework  is  that  part  of  the  nucleus  whieh  nnderfroes 
a  series  of  typical  changes  of  form  in  the  subdivision  of  the  nucleus 
— -changes  which  result  in  the  separation  of  the  uueleus  into  two  masses 
of  equal  size.  The  ]>rtKvss  of  nuclear  division  is  c»ften  eidled  karyoki- 
nesis  {Ka(tvn\\  kernel  of  a  nut;  Klvr^ntc^  movement),  referring  t<i  tliese 
changes  of  form.  Fleinmiug.  havinjf  '\n  mind  the  skein-like  structure  of 
the  nucleus  when  in  pi>iei-ss  of  division,  has  given  to  it  the  mnne  mito- 
sis ejr  karyomitosis  Uthuc,  thread).  Th<-  solid  sidistauee  of  the  nui'leiis, 
which  is  eolored  by  uuelear-staiuiug  dyes,  ih  called  nuclein  or  chromatin 
(Flemming). 

If  one  studies  the  process  of  divisiou  of  nucleus  and  cell  in  men  or 
in  other  manuuals,  one  is  able  ttn  ap]M-ecirtl:e  a  series  of  preliminary  phe- 
nomena in  the  nneleus  at  the  ctnnnienceniciit  of  divisiou,  which  consist 
essentially  of  an  increase  of  the  (Ou'oirialiu,  the  substauce  wliieh  takes  np 
the  \\y\.\ 

\\\  manynneh'i  the  chromatin  forms  gnuiulcsnr  luniiisof  various  sizes 
(Fig.  Itlti),  which  arrange  theni^lves  in  a  net-like  framework.  In  other 
cases  the  elinjumtin  is  dislnl>uted  throughout  tlie  nucleus  uniforndy  iu 
mai«ses  of  about  eijual  size  (Fig.  107).  In  still  others  the  suniU  grunuh-s 
are  arranged  in  waving  rows  (Fig.  lOS).  It  is  probabii'  tluit  the  unifcHtn 
distribution  of  the  chromatin  particles  jireeedes  the  heaping  up  of  the 
lumps  and  granules  in  the  framework,  and  is  followed  by  the  formation 
of  the  rows  of  gniuides. 

In  the  further  et)urse  of  the  mitosis  there  are  formetl,  in  the  next  phw?e, 
smooth,  dense  threads  whieh  stain  darkly,  and  which  are  arranged  in  the 
form  of  n  mtfsH  or  inffirhtriiiff  fur  tbtntth  (Figs.  U)'J  and  1 1*1).  Tp  to  this 
tinu*  the  uueleobis  is  still  visible  iFi^rs.  U)'*  to  109).  Now,  hr»wever.  it 
disapi»wirs  [Fig.  110)  and  proi>ab|y  takes  pai-t  in  the  fornmtion  of  the 
mass  of  threads.  At  (lie  same  time  the  membrane  loses  ils  erti)aeity  for 
beiug  staiued  (F^igs,  109  and  1 10),  and  htler  on  it  disappears  eutindy. 

By  reason  of  the  threads  trrowing  shorter  aiul  thicker,  the  knottat  ttiass 
offue  thrfiids  (Figs,  109  and  110)  develops  into  one  of  coarser  threads, 
whose  eleuH'uts  subdivide  (Fig.  Ill)  later  on  into  sejmrat^  portions  which 
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FiPr.  105.— Nucleus  at  rest.  FlQ.  106.— Nucleus  maiDrmfied;  increase  in  thp 
cFiromatin.  Flo.  107. — Nut'leus  with  evenly  *livideil,  finely  granular  ohroniatin. 
Fm.  108.  -Nucleus  whose  chromarin  jn-anulpB  are  arraugeci  iu  rowa.  Fia.  109. 
— Fine  close  skein,  nucleolus  antl  nuclear  membrane  pt^rsisting.  Fto.  110. — Fine 
close  skein  whose  g-ranulcs  hiive  disappeared.  Flo.  111. — Tliick  open  hkein  : 
nuclear  membraue  gone.  Fio.  112. — fck'tnneiitfd  skein  ;  nuclear  threads  dividetl 
into  Iicnt  portions,  without  any  sjiecial  anungcmi'nt.  Flo.  113.— Mother-star 
in  nroeess  of  formation  ;  p()lar  view.  Tlie  threails  are  u!Taut^*^.l  with  their  angles 
pomted  inward  around  a  centre.  (Als*j  knuwii  as  wreath  form.)  Flo.  114. — 
Completely  developed  mother-star:  polar  view.  Fl(*.  115.— Mother-star;  equa- 
torial view.  Fio.  1  K;.— Stage  of  metakinesis ;  single  li»ops  visible,  whose  angles 
are  pointed  to  the  pole.    Delicate  spimlle-figurt'  in  interior  of  nucleus.    Flo.  117. 

—  Dftu«jrhter-star  ;  side  view  (nucleus  biirrel-shaped).  SpLudle-figure  in  nucleus, 
and  radial  Hrrnngemenl  of  pnitoplasfn.  Fn*.  118.— Daughter-star  separated; 
above,  polar  \'iew  ;  below,  side  view.  YUi.  1  Ifl. — Daughler-skein  with  thick 
threads  ;  delicate  new  nuclear  membrane;  beginning  of  cell-division.     Flo.  1-0. 

—  Daughter-skein  with  tine  threads  (abuve),  ami  framework  form  of  the 
daughter- nucleus  (below)  j  cell-protoplasm  in  the  act  of  dividing. 


Viewing  it  from  the  Hide  (Pig.  115),  one  see.*?  that  the  segments  of  the 
nuidear  threiuls  have  grouped  themselves  together  in  the  e(|unl*>riul  jdaue 
of  the  uiieleus. 

Sonietiiue.**  earlier,  .sometinies  later,  two  pohn  be4'oine  visible  in  the  in- 
terior of  the  cell — that  is,  two  extremely  small  spheivs  kunwii  as  polar 
roi-pttsrii'n  or  ffntntj  rorpuitrhs,  or  rfntrosotws.  They  lie  ut  tirst  close  to- 
g*'tlier.  then  later  on  .separate  from  each  other  ami  act  as  eentres,  about 
wliirh  the  nnirleiir  t'liMiieiils  group  tb<'irisel!ves.  Hetween  Ihein  isdevelopetl 
tiiH  uuvliitr  spintih  (Figs.  IlGuud  117l.  whieh  eoiisists  of  line  fibres  which 
dii  not  stain  with  nnelear  dyes  and  wliieh  converge  at  tbi'  polar  corpus- 
eles.  In  the  neigbborbiMKl  of  the  pidnr  irnrpusch's  themselves  the  gran- 
ules of  protoplastii  s\\i*\\  a  r;ulial  arrangement,  so  tliat  tiguivs  ait?  pro- 
Uueed  (Fig.,  117)  which  are  ealli-d  rnifit  in'  atiirs  nr  utfroviiim-aphrfn.  Iu 
the  next  following  st^ige  i>f  division  af  the  nucleus,  called  tmtitkiit^}ii.%  a 
inoverni'nt  takes  phu'e  among  the  ehromosomeR  leading  to  the  fornmtion 
of  V-siiapcd  figures  with  their  angles  pointed  toward  the  jude.  Next,  two 
Ktar-shaiMil  Hgurcs  called  littiu/htrrstnrs  an*  formi'd  by  llie  movement  of 
the  V"s  tnwHfd  the  [lolcs  fnUowiiig  the  amnigenieiit  of  the  sjtindle-tibres 
(Figs.  117  and  H^). 

Viewed  from  the  pole  (Fig.  118,  above),  the  reaeniblance  to  a  star  in 
phiin.  Looked  nt  from  the  side,  it  is  bimt'l-sliapcd.  and  was  formerly 
called  the  fjurrfl-fujuir  {V\\i.  117).  From  tiiu  starUke  figure  of  the  daugh- 
ter-uui-'leus  tliere  is  tleveloprd  later  on  a  skein,  first  with  eoai-se  tilanients 
<Fig.  119).  then  with  tine  {Fig.  l:ii»,  whit-h  then  clianges  to  a  iiguiv  like 
a  network  (Fig.  120).  In  the  last  stages  fif  the  pbentimeiia  that  precede 
eell-division  a  new  nuclear  nH'mbmne  is  formed. 

The  division  of  the  cell  eonsist-s  iu  a  eunstriotion  of  the  protophiem, 
which  tttketi  place  during  the  last  stages  of  the  formation  of  the  nucleus. 

The  T>hennnienn  of  nuclens-dnision  in  the  Mammalia  cannot  be  clearly  made 
out  in  all  sUiges  in  detail,  and  it  is  hard  to  eo)ni>letely  understand  all  of  its  pm- 
cesses.  The  study  of  cold-blooded  aninuila  with  large  oelLs  has  thrown  further 
hghl  ujion  the  matter,  and  in  this  way  it  has  bet^n  jwssible  to  make  a  serlea  of 
diagrams  whicli  make  clearlv  evident  what  takes  place  in  metakinesis. 

According  to  Habt,  the  cfosely  wounil  mother-sKein  consists  of  several  pieces, 
all  of  whieh  turn  at  one  end  of  the  nucleus,  the  end  that  is  called  the  polar 
field,  leaving  the  pole  itself  free  (Fig.  IJl,  «),     On  the  other  luiud,  at  the  oppo- 
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edto  end  they  pass  across  the  pole  (ft).  They  rmif  therefore,  at  ri^ht  nnglcH  to 
the  long  axis  of  the  nucleus.  The  trauaition  fi*om  the  closer  to  tne  more  open 
aktnn  is  brouKht  about  by  the  threads  beeouiing  thicker  and  shorter  (Fig.  1*22). 
At  tbe  same  time,  itomo  of  them  divide,  so  that  the  number  of  loops  becomes 
greater. 

The  stage  of  tlie  aeymfinttd  fkein^  which  follows  ii*^xt,  is  chanicterized,  as 
Fleminin^  mws  alreatly  stated,  V^v  Umgihidinal  jissum  nfnomt  of  the  loops,  so  that  the 
chromatic  material  is  divided  into  two  ec^ual  portions.  The  further  course  of 
karyokinesis  is  an  effort  towani  the  uniting  of  each  of  these  lialveH  of  the 
chromatin  threads  into  a  new  grf>up. 


Fig.  121.— Close  skein, 
viewed  from  the  aide. 


Fr(i.  122.— Open  skein.  Fig.  12:i.— Fnial 

\*iewed  fruiii  the  eide.  staee  of    the   skein, 

with  split  threads. 


Flo.  1-4.     .violher-star.      Flu.  125.— Mctakmesis.     FlO.  120. — i>aii^hLrfsUrs. 

Durinpr  the  stape  of  the  coarse  open  skein  a  /tpindlf-shajted  jit/ure  has  alreody 
come  into  new  (Fig.  122,  e),  composed  of  delicate  threads  an<l  tertniuating  iu 
KUUiLl  shining  gi-auules,  the  centrosomes.  Later  on,  this  spin<Uo  pushes  deeper 
into  Ihe  nuclear  substance  (Fig.  123)  and  exerts  an  inHuerice  upon  fhe  threads 
of  chroiTiatin.  In  the  plane  of  its  equator,  later  on,  the  division  of  the  nucleus 
takes  place. 

To  ini!  iate  the  process  of  division  the  loops  of  tlireads  group  themselves  about 
the  equator  of  the  spindle  in  ."^uch  a  way  that  the  angle  points  toward  the 
centre,  the  nnns  towaj^  the  periphery  (Fig.  134).  At  the  same  time  the  nuclear 
membrane  disappears,  while  radmJly  Hi-ranged  fibrils  extend  out  from  the  poles 
of  the  spindle  into  tlie  ceU-t)rotoi>|jwm  (attnietiou-apheres). 

The  stage  (:hanicteri?,e(i  by  the  grouping  of  the  longitudinally  diviiU'il  Hbrils 
in  the  wjualor  of  tJie  spiiidle  coiTesptrnds  tn  the  Ggun*  designntfd  M<tt/tfr-star 
(Fig.  124).     This,  seen  from  above,  looks  hke  a  star  with  a  Hfar  cei^tre. 

The  niet'ihtu-^is  is  chnmeterixed  hy  a  separation  of  the  daughter-llireads, 
which  have  resulted  from  the  pi-eliininar>'  longitudinal  division,  and  which  up  to 
this  time  bstl  riMmiined  parallel  with  one  another;  ami  it  is  completed  sometimes 
by  a  njovement  <if  part  of  the  threads  toward  Ihe  opnosite  pole  of  the  spindle 
(Pig.  V2n)  (Heuser,  Rabl).  The  new  loops  resulting  in  tliis  way  have  their  angles 
toward  the  pole. 

The  daHt)hter-8tars  (Fig.  126)  are  formed  by  the  chromatic  loops  that  have 
moved  toward  the  polo  of  the  spindle,  and  whose  Umbs  arrange  IheniseWes 
later  on  more  nearly  parallel  to  the  equatorial  plane  of  the  spindle  (Fig.  127.  o)- 
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The    dauffh  ter-cf^h    ( Dispirem    f  if    Flemni  i  ng ) ,    which    procewl    from    the 
daughter-stars,  cousist  of  loops  of  fibrils  which  bend  around  at  the  point  where 

ihf  poles  of  the  spindlo  are  situated  (Fig.  127,  o)  ftud  _^,^ 

Iwivi'  n  polar  Held  (c,  d)  fret-  fmm  loops. 

The  traiibilion  from  the  skein  to  the  lattice-work 
stage  of  the  rcslinif  nuelHU9  (P'ip.  127,  h)  follows  upon 
thf  division  of  tlie  cell-protoplngm.  and  is  initiated  liy 
the  cliromatic  librils  sending  out  prot-esses.  Fleromiug, 
Stra-sburger,  rieuser,  and  Iletziua  beheve  that  the  chro- 
matic IJhriLi  are  directly  united  one  with  another. 


Fifi 
work,  ft 
(I,  Polar  area. 


127.--DAUghtt'r-skein,  a,  and  daughter-franie- 
c.  Polar  arpn,  with  the  i-emains  of  tlie  spindle  ; 


V 


The  filan  of  dix'ision  of  the  nucIeuB  given  bv  Rabl  correspouas  in  liie  main 
with  one  already  snggested  by  Fleumiiig.  Kabl  believes  that  all  nuclei  possess 
a  definite  framework  with  thicker  primary  and  more  delicalo  secondary  fibrils. 
At  the  commencement  of  karyokmesis  the  secondary  fibrils  are  drawn  in, 
while  the  pnimary  fihrils,  whi<'li  have  thus  become  dintinetly  \'isible,  enter  uptjn 
the  cliangi-s  above  describeil. 

According  to  Balbiaui,  Pfltzner,  and  Podwygsozki,  Jr.,  the  chromatic  fibrils 
are  composed  of  the  finest  granules,  and  it  i.-s  prolmblo  (FJemming.  Pttdwj-ssozkil 
that  the  granules  are  embedded  in  an  nchromafic  frametiork  of  threads  that  du  not 
stain. 

The  significance  nf  the  nuclenr  ffrunulrs  is  still  a  malter  of  dispute.  Flem- 
miug  and  PHtzner  beUeve  that  they  are  difterent  froui  the  nuclear  fmmework, 
while  others  regard  them  as  nmcli-thiekeued  nodid  points  of  tlie  framework 
Hbrils,     What  becomes  of  them  after  diusion  nf  the  nucleus  is  not  known. 

The  rletnents  of  I  lie  nuclear  frumfwftrk  fonn  at  the  pericherv  a  denf*er  basket- 
like  layer,  next  to  which  (m  the  outer  side  lies  a  membrnne  whicli  (hH^snot  stain. 

rieniming  and  Hertwig  Vwlieve  that  the  sj/indie-Jitfure,  whosf  fibres  are  only 
imperfectly  stained  by  nucleus-staining  dyes,  originates  fruiri  the  above- 
meutioned  aehromatic  material  of  the  nuclear  framework,  while  Strasburger 
thinks  that  it  comes  from  the  cell-protoplasm. 

The  centrtisnmoi  or  pttlar  ci/rpnsclcff,  which  »lwav8  exist  in  nuclear  segmenta- 
tion, are  present  also  in  cells  that  are  at  rest.  Nevertheless,  up  to  the  present 
time,  they  have  been  demonstrated  only  in  a  part  of  the  cells,  in  largest  numbeis 
in  lymphi -corpuscles  and  iu  giant  cells  »>f  the  spinal  cord.  According  to  the 
invest igatioE 3  of  von  KitUiker,  Flemming,  M.  Heidenbain,  and  others,  it  scema 
likely  that  the  cetitrosumes  belong  ti>  (dl  cells,  and  lie  sometimes  in  the 
protoplasm,  MometinK-s  in  the  interior  of  the  nucleus,  where  they  are  *iifiieult 
to  demonstrate.  Tins  is  lHM*ause  they  do  n(vt  stain  with  the  orrlinarj'  nuclear 
dyes,  but  with  acid  aniline  coUtre  sut^h  as  acid  fuchsin  and  safranine.  Wliether 
they  belong  to  the  nucleus  or  to  the  protoplasm  has  not  yet  been  made  out. 
According  to  van  Beueden,  Beveri,  and  RAhl,  the  mitosis  of  the  nuclear  sub- 
stances IS  to  be  explained  on  the  ground  of  a  direct  tlrawing  apart,  starting 
fr<»m  the  divided  centrosomes,  nnd  brought  about  by  the  agtMicy  of  the  ae.hro- 
matic  fibres.  According  to  Heidenhain,  the  central  cnn)nscles  are  sharply  cir- 
cumscribed granules  which  possess  the  power  of  assinnlntion,  of  growth,  and 
of  multiplieatiuu  by  biiddiug,  by  which  means  they  are  in  the  habit  of  forming 
groups.  They  may  fonn  the  eemral  point  of  insertion  of  a  system  of  contractile 
fibrils  (spindle-figure,  microsome  rays),  whether  alone  or  united  into  groups,  and 
they  consist  4>f  a  specific  substance  m  a  ohemicid  sejise,  which  is  not  present  in 
other  parts  of  the  cell. 

§  ft4.  The  division  of  the  nnelens  takes  place  in  most  eases  in  the  way 

desiTibed  in  §  S3,  so  that  the  nticlear  figures  shown  on  a  ptveeding  j>age 

l>eeome  \isibIo  more  or  less  pt'rfeetly.     For  the  most  jmrt  the  figures  are 

hipoUu;  although  nmUipolor  mitoses  are  not  uncommon,  in  which  three  or 
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more  uiielei  are  formed  at  the  same  time.  According  to  very  recent  in- 
vt'stipktions.  forms  of  cell-division  also  occur  which  differ  more  or  less 
from  the  typical  karyomitoses. 

In  thi'  first  ])ljw;e,  not  infrequently  mitoses  t.ikf  |)la<'e  wliich  tire  re- 
iiiarkuble  tor  tlie  unusnul  extent  of  tlir  inu'leus  taking  jmrt  iu  tin*  tlivi- 
pion,  ami  its  rvnuirkobh  rirhnean  in  elironiiitin.  which  in  these  eases  shows 
an  invtrulm*  tlivisiim  into  smaller  iiiul  ijir^^r  tliremls  and  ujasses.  Then 
it  often  liitpprns  that  tlic  uroducts  of  the  (ii\'ision  of  the  nueleus  ni'e  un- 
eijual.  so  that  nsymmetrirttl  nuchur-iih-iition  fiffUfe,K  iN'snlt.  This  is  t»)»Kerv'ed 
espeoinlly  often  in  eareiiioimt  (Hiinseniann),  but  fairly  often  also  in  other 
new  fonnatious  and  iu  regenerated  tissue-f^rntwtlis  (Sti'oehe). 

Moivover, not  infitHimiitfy  nuehn  are  observed  wliir'h  atv  remarkable 
for  their  jieeidiar  and  often  ven'  eoniplieated  fonns;  for  instance,  there 
are  nuclei  that  have  a  rajijjcd  look  (Fiff.  128),  from  the  fact  that  there  ex- 
tend out  from  the  centre  |frocesses  which  have  dubbed  ends.  More<tver, 
tliei*e  (teeur  rosette-shaped  nuclei  wliieh  fiHin  el)Hins  of  oval  or  rounded 
elements,  the  elmin  beinj?  sonu'times  closed,  sometimes  open,  or  some- 
times twisted.  Then  there  may  he  liaskctdike  fiirnres  (Fi^.  129).  I^ss 
Ktrikinjr.  but  nevertheless  different  fnun  tlie  nonuiil.  are  the  nuclear 
fi^ires  tiidt  have  a  knotted  or  rag^red  or  bent  or  twistei]  itppeanmce. 

Such  unusual  nuclear  forms  are  olis<*n'ed  in  the  small  and  hir^'e  eelln 
(piant  cells!  of  the  sjiintd  eord  and  spleen,  as  well  hs  in  the  growths  sjiring- 
inj;  from  bone  (Fijrs.  12rt  and  129).  In  the  same  way  the  s(j-ealled  niulti- 
nuelear  fonns  of  leU(rocytes  show  ra^r^'^d  ami  frstooned  shapes  in  jopviit 
variety,  or  uueiei  composed  of  a  number  of  paila  united  by  bridges. 


Fig.  128. 


Pig.  129. 


% 


Fl<i.  128.— Giant  cell  with  lolaxlated  branchiae  nucleus,  from  a  sarcoma  of 
the  tibia.     (Fi-om  prepnratimw  by  Nauwerek  ami  Stroehe.) 

Fig.  1211. — tliaut  cell  wirh  bH»kel-HkH  nucleuii,  from  a  sareuma  of  the  tibia 
(From  preparatioua  by  Nituwerck  aud  Stroebe.) 

The  exact  si^iiificHm'cof  these  uu<'lear  forms  is  at  present  not  kn<twn. 
In  many  ea«es  it  seems  to  be  a  matter  of  active  or  jtassive  chiin^es  of  form 
fnmi  movement  of  the  nucleus  or  protophism,  ami  which  hiivc  nothing 
|o  do  with  the  divisiiMi  of  the  nucleus  (Arnold).  In  other  cases  these 
tiirures  aiv  tdiserved  in  cells  which  are  in  iiroi-ess  of  de^Tnenition.  and 
this  is  especially  the  case  wilh  tlic  ieticocytes  that  luivi-  '.^mi^rated  ft*<im 
the  blood-vessels  in  acute  iuMannniilton.  In  still  other  i-a.'ies  this  change 
of  forni  h'ads  up  to  division  (tf  the  nucleus  into  sevend  nuclei — a  jiroeesH 
that  one  has  to  rejjard  not  as  a  nucleus.destnictii>ti,  V)nt  as  the  equivalent 
of  a  karyoniilosis  itr  tis  a  true  nueh-ar  <livi!sioir.  since  the  cells  |i;o  <ui  liv- 
ing; /Arnold)  and  under  some  eircunistances  amy  even  un«ler>ro  division. 
In  favor  of  this  inter|)n'tation,  al.^,  is  the  fact  that  iu  these  cases  au  iu- 
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crease  in  the  chromatin  is  observed,  by  means  of  which  it  forms  threads 
or  masses  or  is  more  diifusely  distributed. 

Yet  it  is  to  be  noted  that  there  are  no  observations  which  prove  that 
through  such  processes  of  nuclear  division  newly  produced  cells  are 
capable  of  fonning  new  tissue. 

If  the  pinching  off  of  nuclei  from  such  a  nuclear  mass  is  associated 
with  an  increase  in  the  chromatin,  then  Arnold  names  this  process  indirect 
fnigmenUdion;  or  if  such  an  increase  does  not  occur,  direct  fragmentation. 
The  pinching  off  of  nuclei  is  ushered  in  by  a  heaping  up  of  the  chroma- 
tin in  those  areas  that  are  to  become  nuclei. 

By  the  observations  of  Flemming,  Arnold,  Denys,  Nauwerck,  and 
others,  it  has  been  proved  that  also  a  division  of  the  nucleus  takes  place 
thmugh  a  constricting  off,  as  was  formerly  assumed  to  be  general  and 
tA'pical — a  form  of  division  which  Flemming  calls  holoschists.  Arnold 
calls  it  direct  segmentation^  while  he  applies  the  term  indirect  segmentation 
to  the  mitotic  division  by  which  a  multiplication  and  typical  rearrange- 
ment of  the  chromatin  takes  place.  Lately  all  the  forms  of  nuclear  diW- 
sion  which  do  not  take  place  by  mitosis  have  been  included  under  the  term 
amitotic  nuclear  division. 

Arnold,  as  the  result  of  searching  histolo^cal  and  experimental  investi- 
gations on  normal  and  pathol(^cal  tissues,  recognizes  four  types  of  division  of 
the  nucleus.  SegmentaHon  he  names  a  division  of  the  nucleus  in  the  equatorial 
plane,  or  s^fmental  plane,  into  two  or  more  approximately  equal  parts.  He 
distinguishes  a  direct  segmentation^  in  which  the  aivision  takes  place  without  in- 
crease or  altered  arrangement  of  the  chromatic  nuclear  substance,  and  an 
indirect  itegmentaUonf  in  which  the  chromatic  division- figures  already  described 
occur.  Fragmentation  he  calls  a  pinching  off  of  the  nucleus  at  some  pomt  into  two 
or  more  equal  or  unequal  portions,  which  are  not  limited  by  smooth  division-sur- 
faces. In  this  case,  too,  he  distinguishes  an  indirect  form  with  increase  and  altered 
arrangement  of  the  chromatic  nuclear  substance,  and  a  direct  form  taking  place 
without  these.  In  indirect  fragmentation  the  arrangement  of  the  threads 
according  to  definite  rules  is  lackiufi^,  and  the  |)inching  off  of  the  nuclei  and 
cells  is  accomplished  irregalarly.  His  investigations  were  made  upon  the  cells 
of  the  spinal  cord,  the  lymph-glands  and  spleen,  and  upon  the  multinuclear 
cells  from  tumors  and  inflamed  lymph-glan^,  as  well  as  upon  wandering  nells 
and  giant  cells,  which  in  frogs  migrate  into  foreii^  bodies. 

According  to  Arnold,  there  are  no  considerable  differences  between  segmen- 
tation and  fragmentation,  it  being  rather  a  matter  of  ^ght  variation.  In  frag- 
mentation there  is  wanting  the  typical  arrancfement  of  the  chromatic  fibres  m 
the  stage  of  equatorial  transposition.  At  me  same  time  the  outlines  of  the 
nuclear  membrane  remain  sharply  defined,  while  in  indirect  segmentation  they 
are  lost.  According  to  Arnold,  atypical  forms  of  nuclear  figures  occur  espe- 
cially often  in  the  spleen  of  white  mice. 

It  is  probable  that  all  the  forms  of  amitotic  or  direct  division  occur  only  in 
cells  which  no  longer  possess  any  tissue-forming  activity.  In  favor  of  this  view 
13  the  fact  that  they  take  place  especially  in  those  cells  (leucocytes)  which  are  in 
process  of  retrogression,  and  that  they  are  absent  in  physiological  tissue-forma- 
tions as  well  as  in  tissue- growths  in  process  of  regeneration  and  hypertrophy. 
According  to  Flemming's  observations,  division  of  the  attraction -^heres  and 
the  central  corpuscles  does  not  take  place  in  the  amitotic  division  of  leucocytes. 
According  to  H.  E.  Ziegler,  the  nuclei  which  suffer  amitotic  division  are  for  the 
most  part  distinguished  by  their  extraordinary  size,  and  are  especially  those 
nnclei  which  are  associated  with  an  intense  process  of  assimilation  or  secretion. 
Luwit,  on  the  contrary,  holds  that  amitotic  division,  as  he  has  observed  it  in 
leucocytes,  is  in  part  the  equivalent  of  mitosis,  but  in  some  cases  is  followed  by 
cell-degeneration. 
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§  85,  Tbe  elmii^s  in  th**  stnu'lure  of  the  niirlfiis  are  a  clear  indica- 
tion of  the  mai'ked  ac!i\*ity  which  is  going  on  in  the  elemental  jtHrts  of 
the  nneleoH  in  jtrndneTive  [ir^M^essos.  rnl'ortnnutely  onr  kuowknlge  of 
the  changes  in  the  elements  of  protoplasm  is  .sninty  and  incomplete; 
jetiteaii  he  demoUKtrated  that  jirotoplajiui  alsii  posses***  a  special  stnic- 
ture  of  its  own,  and  that  here  also  varions  tiiuisjKtsitions  of  the  wpanite 
\iHrtsi  in  relation  to  one  another  take  place;  for  instance,  in  f;nnic  eases^ 
during  the  division  of  tlie  uuelens.  active  i*otary  movement  of  the  proto- 
plasm  has  been  ohs**rved.  As  a  rcsnlt  of  such  movement  and  chanpe  of 
pr>sition  of  the  M*pai*ftte  parts  may  U*  mentif)ned  the  formation  of  the 
al*ove-nicntitmeil  dear  area  abmit  the  dividing  unc|**us.  as  well  as  the 
formation  of  ray-like  granular  tihi-es  at  the  poles  of  the  unclear  spindle, 
Lat4-ly,  in<lee(i,  there  hflK  iH'Cn  a  tendency  to  aserihc  to  the  centrosomes 
situated  in  the  interior  of  the  radial  figure  an  imp«trtant  roh'  in  the  divi- 
sion  of  the  nnclens,  and  to  recognize  in  theni,  or  in  the  nucieus,  preexist- 
ing eentn^s  (van  Heneden,  Boveri),  whose  dinsion  gives  lise  to  the  divi- 
sion of  the  nncleuH. 

Between  nucleus  and  eell-protoplasm  there  exists  prohahly  a  ven*  com- 
plicated relationshi]».  Yet  the  nucleus  is  to  be  rej^arded  as  the  more 
hifchly  organized  material,  us  the  centre  of  power  for  the  cell.  Jt  is 
thnmtjh  the  vttclftts  that  fhf  riiar(ut<ri.<tiri<  of  iln  nils  art  iransmifietl  to  their 
descetitlf'ntji  (Hertwig.  KoUiker.  and  W'eismann).  irhih  the  protopJaam  gov- 
fnift  thtir  rthfioti.s  trith  tin  otttsitte  uorld  (Haeekel),  attends  to  nutrition, 
and  takes  part  in  tissue-foniiatioii.  It  is.  however,  to  he  noted  that  the 
metaMie  plu-iuniiena  also,  whicli  go  on  in  the  intei'ior  of  t(je  cells,  as  well 
as  tlie  motor  fiiiirtiMU  of  the  cells,  are  under  the  influence  of  the  nucleus. 

The  radial  arrnng(*nient  of  the  prt>to]ilHsni  granules,  as  well  as  their 
movements  whieh  have  l.cen  stnditd  np  to  tlie  jtresent  time,  takes  place 
for  the  most  i>ait.  simultaneously  with  the  process  of  nucleus-division. 
In  other  cases  they  follow  it.  In  still  others  they  precede  it.  Thus,  for 
example,  according  to  (Tniber,  Kiujhji>hft  tthrohftt,  a  rhizopod,  forms  first 
ft  daughter-cell,  witli  aJl  its  atti-ihxites ;  tlien  li.e  nucleus  enters  upon  the 
stage  of  division  and  migrates  into  the  datighler-eell.  At  the  same  time 
active  movements  are  set  uii  iii  the  iimtojilasm. 

The  division  of  the  cell-protoplasm,  as  a  rule,  follows  close  upon 
<livision  of  the  nucleus,  and  lakes  yilacc.  ordinarily,  in  the  stage  of  the 
ihingliter-skein  ;  yet  the  relati<'n  of  the  two  processes  to  each  other  is 
not  such  that  tlic  latter  must  neeessiivily  occur.  Not  infrequently,  in 
spite  of  division  of  the  nucleus,  cell-division  does  not  take  ptaee.  The 
result  of  this  is  the  formation  of  cells  with  twct  or  more  nuclei,  the  so- 
called  jflant  cells.  By  uiiiltii>olnr  mitosis,  or  nuclear  fragmentation, 
multiijuch'ar  eells  may  proceed  fmni  uuituiclenr.  In  the  latter  oise  oue 
finds  as  f<uvruuncrs  of  the  nniltinuelcar  eells  giant  eells  witli  ronij^lex 
rnielear  lignrcs  (Figs.  V2^  and  12!!).  These  giant  cells  may,  hiter  on,  lireak 
up  into  uniimelcar  eells,  hy  the  coneeutnition  of  the  protoplasm  around 
the  various  nuclei,  and  the  dcvchipment  of  lines  of  demarcalion  Victween 
their  different  areas.  Yet  it  must  he  noted  that  the  giant  cells  that  re- 
suit  from  amitotic  di\nsi(m,  as  far  as  is  known.  <h*  not  break  up  into  sepa- 
rate cells.  In  the  division  of  giant  eells  whose  miclci  Itave  Tuultiplied  by 
mitosis,  it  may  happen  that  the  cell  se]ianiting  itself  off  from  the  rest 
may  still  be  completely  surrounded  by  tlie  protoplasm  of  (he  pareiit-eell. 
Virchow  has  i*alled  these  }»roorl-eells.  They  are  not  often  met  witli. 
They  were  regarded  as  more  common  than  they  really  are,  bee^iuse  round 
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cells  that  had  been  taken  np  by  larger  cells  were  regarded  as  a  young 
br<i(>d  i)t  cells  (see  (.'atanlial  lutlaiuiiiation  of  the  Mufouj*  Membranes). 

Tlie  process  of  cell -division  presents  a  peculiar  appeai'anee  in  the  foi> 
mation  of  offshoots  and  buds,  ilie  part»nT-et'lI  Throwinjj:  out  a  shorter  or 
longer  proufss  wliieli  eontaius  nuclei  and  later  on  separates  off  from  its 
ptirent-eell  (cf.  Formation  of  New  Vessels).  The  peculiarity  consists  in 
this  chiefly:  that  independent  movements  are  set  up  in  tht^  protojilasm 
with  the  formation  <»f  pi-(K*essea.  and  that  the  nuclei  which  multiply  by 
division  ot'  the  pai-eut-nucleus  only  subsequently  migrate  into  the  process. 

Flcinining  defines  a  cell  as  a  circumscribed  mass  of  living  matter,  and  dis- 
tiTiguishfs  in  n  cdl-body  two  separate  elepients.  ot  which  one,  the  protoplasm  (mi' 
torn,  framework),  is  somewhat  more  suougly  refracting  and  is  urrangua  as  a  net- 
work, while  the  other,  the  paraplasm  ijMtramitom)^  fills  the  remaining'  Hpace. 
The  minnler  siniclure  of  the  protoplasm  ca.ntiot  W  ma<le  out.  Products  of 
metabolism— (frauules,  vacuoles,  and  other  matters  which  the  cells  sometimes 
contain— do  not  belong  lo  the  cell-substance  itself. 


§  85.  Tlie  formation  of  new  cells  by  the  division  of  preexisting  ones 

is  the  first  step  iii  hyperplasia,  as  well  as  in  regeneration,  This  results 
in  the  formative  tissue,  from  which  the  specific  tissue  will  he  devfh>j)ed 

Just  lus  the  process  of  nucleus-  aiul  ceU-division  in  the<levetopnient  of 
pHthiilo^^ical  formations  is  closely  allied  (o  that  'd'  nonnal  ccll-piidifera- 
lion.  so  also  arc  th<'  furllu-r  dcvchipnientul  processes  throughout  similar 
to  the  nonnal.  If  cpitlidial  tissue  or  niiy  funii  of  conm^elive  tissue  is 
to  be  formed  fr<jni  tlie  material  productnl  by  cell-dinsiou,  then  the  same 
tninsforniations  occur  as  in  normal  growth 

As  far  as  pi-escut  investigations  go,  the  law  of  the  specific  character 
of  the  tissues  hohis  good.  The  otfspriug  of  the  various  germinal  layers 
which  are  differentiated  in  the  earlier  embr>^onic  jieriod  are  capable  of 
producing  only  those  tissues  which  belong  to  their  siMvial  layeiti.  An 
epithelial  ccU  cannot  produce  cartilage  or  bone  or  connective  tissue:  and 
a  coMne<'tive-tissue  ricll  is  unable  To  give  rise  ttt  epithelial  or  gland  cells. 
This  law  has  often  been  ipiestiimed — that  is  to  say,  such  a  specific  char- 
acter WMs  not  ascribed  to  the  tissues.  Vicchow,  wlioni  we  have  Ut  thank 
f4»r  the  (ii*st  investigations  into  the  cellular  processes  in  pntbologicul  new 
growths.  l»elicve<l  that  the  eounective  tissue  is  the  matrix  for  the  nmst 
widely  ditferent  tissues.  Such  a  view  we  are  no  longer  able  to  bold.  On 
the  contrary,  observation  proves  that  each  tissue  is  capable  of  producing 
only  tissues  like  itself  or  closely  related  to  it. 

The  formation  of  epilhclinl  tissue  is  l>rrnight  alx)ut  by  the  uniting  to- 
gether of  tlie  respective  cells  by  means  of  cement  substance  in  the  man- 
ner  ehanu'teristic  of  this  tissue.  Tn  the  ca.se  of  cntinertivc  tissue,  the 
fornmtion  of  the  iutermediate  substance  fnnn  the  cells  becomes  a  more 
|trominent  feature,  and  its  nature  gives  to  the  tissue  itself  its  ehanicter- 
istie  prr>perties. 

The  fertilized  ovum  is  capable  of  forming,  by  its  propreny,  all  the  various 
tissues  of  the  body, and  we  have  to  a.^sume  thut  this  eapabihtv  is  situtitei.]  iu  ihc 
tiucleiis,  which  is  the  seat  of  the  iuheritfd  characteristics.  ^\  ith  the  advaiicing 
differentiation  of  the  tissues  there  come-*  a  simplification  of  the  structure  of  the 
nucleus ;  that  is,  a  special  protuplasmie  impulse  obtains  control,  so  that  now  the 
ccU  Ls  capable  of  prodiicing  only  a  special  kind  of  tissue.  The  statements  there- 
fore are  iu  error  which  «ny  that  fmtm  epithelium  connective  tissue  may  be 
formed^  or  fi*om  connc-ctive-tissiuj  cells.  glauJ-tlssue,  or  nerves.    According  to 
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Hansemiuin,  the  specifto  quality  of  the  cells  is  indicated  not  ouly  by  the  specUl 
iiitructure  i>f  ibe  coinpEete  cetl,  but  alsti  by  the  course  of  the  kiiryo kinesis,  siuee 
indi\'idunl  differeiu'os  in  this  process  occur  in  the  difFei*ent  kinds  of  tissue,  by 
which  one  can  n^'iiyiiize  the  Keparate  tissues  by  the  form  of  their  mitosis  (size, 
number,  and  shape  of  the  chromogomes). 

>rost  recently,  ttrawita '  has  advanced  the  view  that  wlU  may  also  aruie 
from  intercdMar  aubstancf,  and  he  claims  that,  in  tlie  formation  of  eouucctive 
tissue,  cells  are  transfonned  into  fibres,  and  pass  over  into  a  restiruf  gUnje,  in 
which  nut'lei  are  no  loufjer  visible  under  tJie  microscope.  From  these  invisible 
restimj  ctUs  {SchlummerztlleH)  UfW  cells  are  formed  a^in  in  inflammation  and 
tissue -growth.  By  means  nf  tins  rest  theiiiT.*,  (Trawitz  has  >)roug'ht  ajfaiu  into 
discussion,  as  a  new  teaching,  views  which  vears  before  Strieker  and  Heitzinauu 
bad  offered  ;  but  the  work  done  by  hmiself  and  his  pupils  in  his  institute  con- 
tains notliing  which  substantiates  his  view.  The  well-known  phenomena  of 
pTOwinp  and  inflamed  tissue  are  described,  and  there  are  no  observations  rura- 
municaled  which  can  bf  regarded  as  proving  that  tHlls  may  spring  from  inter- 
oellular  substance — that  is,  from  invisible  resting  cells 

§  87.  Auy  new  foiinatioii  of  tissue,  then,  is  coueeivable  only  if  the 
preexisting;  pidJs  ulso  jK>Hse&s  the  power  of  imiltiplyinjr.  This  ]Kjwer, 
Hceordiii^  to  our  experieiKM*,  Itelon^'s  to  mo.st  of  the  cidls  of  tiit*  hiimau 
body;  yet  we  do  know  i-ells.  also,  which  have  lost  this  power,  and  tliese 
nn^  cells  tliat  siiffiT  a  nmrked  transl'ortuation  in  the  developin^^iit  <>f  the 
tissues.  For  example,  the  oeils  of  I  he  horny  layer  nf  tite  epidennis  and 
the  uon-nucJeated  red  blood-cells  are  no  longer  eapable  of  prodnein^  new 
o-ells.  Very  proltably,  in  fidly  pi'own  individuals,  this  power  is  Ineking 
in  the  jranf^lion-rellH  an<]  lume-eellH.  Pavement  epithpliurn,  jrtaud-eeils, 
conneetive-tissue  eolls,  peiittsteum-  and  nmiTow-eells  poss<'ss,  on  tho  eon- 
trary,  a  veiy  marked  p4)wer  of  refceneration,  and  may  in  eertain  cases 
develop  an  excessive  growth. 

Most  of  ihf  b<f(hj-rflls  have  the  power  to  proliferate,  and  many  forms  of 
tisane  are  able  to  po  on  prowinp  for  a  certain  length  uf  time  when  sepa- 
rated from  the  parent-s<iil.  The  possibility  (ff  tissue-transplantation  de- 
pends upon  this  property— that  is  to  say,  the  possi]>ility  of  transplanting 
jwrtions  of  tissue  from  one  locality  to  another,  and  InnHn^'  them  j^o  on 
growing;. 

Attempt.s  nt  transplantation  are  very  old.  and  have  been  mmle  upon 
various  tissues;  for  iiistanee.  periosteum  and  mniTow  have  been  trans- 
jdanted  U\  soft  parts  or  into  MoiKl-vessels.  and  inadH  to  jrri>vv  there  (Oilier, 
Oonjon.  Bnms,  Barkow,  Philippeaux,  Cohnheini,  JIaas.  dtul  others).  Fur- 
ther, the  spurs  of  younp  eoeks  liave  been  transplanted  to  the  eonibs  of 
other  eo<"ks.  and  ratw'  tails  have  been  sueefssfnlly  l>rougbt  under  the  skin 
of  the  back  of  other  rats  (nulmmel,  Hunter.  P.  Bert).  Some  years  ago 
Planau  sueeeoded  in  triinsidanting  eaneer  tissue  from  one  animal  tx) 
anotlier. 

The  most  numerous  traiis]>Iantation8  of  tissue  have  lieen  made  with 
skin.  The  investigations  of  Revordin  and  Thierseh  gave  the  iinpidse 
to  the  utilization  tbepapeutically  of  xkiH-transphtiit/ttion  for  the  hiding 
over  of  b!*t»Hd.  ojimi  wounds  The  same  procedure  is  made  use  of  when 
completely  sejiaratctl  pieces  of  skin  are  to  be  made  to  heal  over  nt  the 
point  of  separation. 


•  Grawitz.  •' Ueber  die  schlommemdon  Zellen  des  Bindtgi-wp-' 
Verhalteu  bei  progresaiveu  Ernahrungstilrnngen,"  Virchotr'A  , 
1892  ;  **  Atlas  der  pathologischen  (iewidwlcbre."  Berlin,  M^\K* 
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For  successful  transplantation — that  is,  transplantation  followed  by 
multiplication  of  the  cells  and  formation  of  new  tissue — only  those  struc- 
tures are  suitable  whose  cells  are  capable  of  rapid  growth — for  example, 
epithelium  and  periosteum.  Bone  and  cartilage  of  adult  animals,  for  ex- 
ample, do  not  go  on  to  growth  if  transplanted,  while  embryonic  ciartilage 
does  grow  (Leopold  and  Zahu).  It  seems  also  to  be  a  matter  of  impor- 
tance that  the  tissue  transplanted  should  have  a  certain  amount  of  ten- 
uess  and  coherence.  This,  at  least,  is  indicated  by  the  fact  that  after  the 
burying  of  living  embryos  in  the  tissues  or  in  tne  abdominal  caA'ity  of 
an  animal,  only  the  firmer  tissues — as,  for  example,  cartilage — last  a  con- 
siderable time  and  show  evidences  of  growth.  Finally,  it  is  to  be  noted 
that  growth  takes  place  only  if  the  tissue  is  transplanted  on  to  an  individ- 
ual of  the  same  species. 

Furthermore,  it  is  noticed  that  the  growth  of  the  transplanted  portion 
is  usually  very  limitedy  especially  of  pieces  that  are  sunk  deeply  into  the 
body,  so  that  this  growth,  after  a  time,  comes  to  a  standstill,  and  even 
goes  on  then  to  resorption,  thus  bringing  about  the  disappearance  of  the  trans- 
planted piece.  In  general,  only  skin-grafting  produces  lasting  tissue,  and 
even  in  this  case  part  of  the  tissue  is  absorbed. 

Skin-grafting  can  be  undertaken  as  well  in  fresh  as  in  granulating 
wounds — that  is,  wounds  where  the  tissues  infiltrated  and  inflamed  are 
in  a  state  of  active  growth.  In  these  cases,  one  cuts  with  a  sharp  knife 
thin  strips  of  skin  which  contain  not  only  the  epithelium,  but  also  the 
tips  of  the  papilhe,  and  in  part  also  the  uppermost  layers  of  the  corium. 
These  are  laid  upon  the  fresh  wound — that  is,  upon  the  subcutaneous  tis- 
sue, fascia,  muscle,  periosteum — or  upon  the  shaved-off  granulations,  and 
pressed  firmly  in  place  by  moistened  gauze.  The  fastening  of  the  strip 
upon  the  wound-surface  takes  place  by  coagulated  lymph  or  coagulated 
blood.     In  successful  cases,  in  eight  days  they  are  firmly  united. 

The  nourishment  of  the  transplanted  pieces  takes  place,  first,  by  the 
taking  up  of  material  from  the  exuded  tissue-fluids.  Later  on,  there  rises 
up  from  the  subjacent  surfaces  embryonic  tissue,  with  vessels,  which  makes 
its  way  through  the  superjacent  coagulum  into  the  transplanted  struc- 
ture, so  that  its  connective  tissue  contains  new  vessels.  The  upper  homy 
layers  of  the  epithelium  are  desquamated.  The  deeper  layers  begin  to 
grow  from  the  second  day  on,  and  form  new  epithelium,  on  the  surface 
of  which,  later  on,  a  horny  layer  appears.  If  connective  tissue  is  trans- 
planted with  the  epithelium,  then  its  cells  may  also  go  on  to  grow  and 
produce  connective  tissue.  According  to  the  observations  of  Goldmann, 
Imwever,  the  elastic  fibres  which  are  to  be  seen  later  in  the  grafted  por- 
tion come  from  the  surrounding  tissue.  Later  on — that  is  to  say,  aiter 
the  lapse  of  several  weeks — there  not  infrequently  occurs  a  shedding  of 
the  epidermis.  Nevertheless,  when  the  transplanted  skin  has  once  healed 
and  l>egun  to  grow,  it  is  generally  permanent. 

§  88.  If  the  cells  of  a  tissue  enter  upon  a  process  of  division  which 
exceeds  what  is  customaiy  and  what  may  be  regarded  as  normal,  so  that 
in  this  way  a  hypertrophic  development  of  the  tissue  in  question  results, 
the  cause* of  this  pathological  growth  may  be  the  fact  that  the  cells  go 
on  to  an  excessive  multiplication  by  reason  of  a  special  inherited  dispo- 
sition on  the  part  of  the  tissue.  This  inherited  tendency  may  consist  in 
either  abnormally  vigorous  vital  impiUse,  an  abnonnal  property  of  the 
nuclear  material,  an  abnormal  number  of  the  embryonic  cells  l)elonging 
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to  the  tissue,  or  a  lessoniug  of  the  iuMbitoiy  influence  of  the  environ- 
ment ur  of  tlie  orj^ins  haviiij?  h  special  relation  Ut  the  portion  of  tissue  iu 
question.  If  from  the  course  of  the  liypertrophie  |^>wlh  the  existenee 
of  a  eou|ifeuitftl  cause  can  he  exi*luiieil,  then  the  first  of  the  ahove  possi' 
l>ilities  may  l>e  disre^rdeU,  and  we  <-an  exphiin  the  patliolo)?ieal  j^Towth 
only  on  the  ^^luml  of  a  lesseuiiijj:  of  the  ohstaeles  to  growth,  or  an  in- 
crease of  the  forees  stimulating  development.  The  same  holds  good  also 
tor  all  lU'W  ftirniatious  haviuj;  the  ehiiraeier  of  n-j^eneration. 

Of  the  authors  wlio  have  expressed  opinions  iv^ardin«r  tlio  causes  of 
j)athologieal  new  growths,  some  have  regarded  as  the  essential  c^usc  of 
the  onset  of  the  eell-divisi<m  a  lesseniup  of  tlie  obstacles  t^  ffi-owth; 
others  have  e^plainiMl  it  oit  tlie  (ground  of  an  ineirase  in  cell-activity. 
Vircliow  took  the  j^jsilion  that  the  cell  is  a  body  whii-h  litis  a  certain  sug- 
ct'piihiliitj  t4)  stimuli — ttn  irrifuhifift/:  that  by  certain  inilueneea — Vty  ini- 
tants — it  can  l>e  stuuidaleil  to  an  iner^.'ase  in  it,s  activity,  and,  indeed,  as 
well  iu  the  sense  of  an  increa-sed  fiuu-tioual  activity  as  also  iu  that  of  an 
cxaggenited  nutrition,  di\'isi«>u,  and  multiplication  :  ami  he  spoke  accord- 
ingiy,  also,  uf  J'nmfioiiftl  tiutrititv  aud J'onmitir*'  irrifahilift/  t\f  iUf  rdh.  If 
one  accepts  this  view,  then  the  solution  of  the  above  <iuestion  is  to  be 
found  in  the  explfnuttioit  of  thost  stimuli  irhirh  urfjc  fhf  nUs  to  fjrotrth,  as 
tpfll  on  of  th*'  obsUulfs  nhirh  rhtrfc  fhf  rffls  in  the  tjcercittr  of  ffuir  jwwfr 
of  pi-oliferation. 

As  far  ns  inhibitory  influences  capable  of  restrictinjc  tissue-jO'owth 
are  concerned,  these  si't*m  !o4'xist.  from  tin-  f:n't  Iliat  many  cflls.  allhtMigh 
tiiey  arc  r-apabh;  of  di\'isiou,  yet  do  not  go  on  to  multipheatiou.aud  seem 
to  be  inhiViited  in  their  division.  This  inhibition  may  4lepi ml  upon  their 
Ifeuerai  rchitiou  to  their  euvironnieid  ami  its  nifchanieal  iiitlucnee,  as  well 
as  u])on  rhemical  influences  oi*  njuni  somt*  siH-uitif'  effect  of  their  suiTtmnd- 
iiip*  (Koux),  The  tlnii  enibcHilin^'  of  the  cells  in  the  tissues,  together 
with  the  observation  that,  after  bivaking  up  and  ahsorplion  of  the  inter- 
cellular substance,  ccll-prolifcratiini  Takes  p]nce,  speaks  in  favor  of  the 
\new  tliHl  in  Ihp  aetiiul  growth  of  the  tissues  an  inhibitory  iiiflm-nee  is 
dcvclo])fd  toward  fnrtln-r  division  of  the  cells.  How  murh  iiitiueuce, 
also,  tlie  cht^rniciil  composition  of  the  tiuid  aliout  the  cells  Juts  is  Imnl  to 
determine.  If  one  consich-rs  the  conditions  as  they  exi.»it  at  the  onset  of 
regeuemtivi^  growth,  one  gets  the  impression  that,  in  the  first  place,  a  les- 
sening of  the  inhdiition  of  giviwth  is  associated  wilh  the  breaking  up  of 
the  union  of  the  elenuMits,  or  wilh  lljeir  separation,  altliough  this  does 
not  exchule  the  jH)s.«ibility  that  diunges  in  the  i*hcmicjd  naliire  of  the  tis- 
snt-.tbiids  may  work  in  thr  same  way.  Furthermore,  it  is  jilso  possible 
(Konx)  that  the  s^MM-itii*  inflnencc  of  cuvinpiinn'iit  may  be  abolished  by 
the  destruction  of  .<]iecilh"ally  iliflferentiatcd  tpHs.  aiui  that  in  this  way 
the  nu'chanisni  of  regeneration  is  aroused  iu  neighboring,  and  hiter  on 
als<»  in  minv  distant  cells. 

Among  the  influences  that  are  capable  of  increasing  the  power  of 
proliferation  of  a  cell,  the  supply  of  nonrishnnMit  has  ofteu  be4*n  given 
a  prominent  ]>hice.  and  accoislingly  it  has  been  thought  that  new  gi'owths 
may  be  ex|>laincd  on  the  gniumi  of  frctjuently  recurring  or  persistent 
hviiernmiia.  Against  this  \iew'.  however,  it  must  be  ivmarked  that  there 
is  no  real  proof  of  its  corrccturss:  that  rongestive  hy])enMnia  and  in- 
creased nutritive  supply  nuiy  rentier  possibh'  an  iticrea.sc  in  Ihr  process 
of  nutrition,  in  that  tlie  cells  may.  under  these  circnnistanet^s.  take  up 
iiioi*e  uoui*iahnieut>  on  account  of  tner(^a.setl  flow  of  bloinl  to  the  part ;  but 
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there  is  no  proof  that  this  aolually  does  take  place.  Tlie  essential  faot 
is.  lint  that  the  eells  nvv  noiirisluul,  lint  that  thoy  nourish  themselves.  If 
an  iuereai^e  in  the  nutritive  j>rocesses  is  to  take  i>laee^  the  cell  itself  must 
he  stimulated  to  hring  it  about. 

The  stitntilus  whieli  impels  a  ci^ll  to  such  an  increase  is  often  an  m- 
creaitc  in  ih  own  ocUi'ity.  Mueh  hyperh-ophy  is  ti\-]iertrophy  from  aetiv- 
ify,  and  if  in  these  eases  eelhg-mwtii  takes  pla<'e.  it  is  brouijht  about  by 
the  sjimi'  iutluenees  that  caused  the  increase<l  ueti\ity  in  the  firBi  place. 
In  the  eiuse  of  musj-le,  it  is  nu  iiicrcHse  in  the  uen'e-stimulus.  In  tin-  ease 
of  the  kidm-ys  nn<\  thi'  liver,  the  stimulus  to  activity,  and  consetiueutly, 
also,  the  (^ausf  ut"  liypcitropliy,  are  t<t  he  found  in  chemical  chan^'-es  in  the 
coni]»ositiou  of  the  blood  winch  is  conveyed  to  these  organs  for  the  secre- 
tion of  speclfte  substances. 

Huw  far,  in  tlie  case  of  the  rest  of  the  tissues,  changes  of  inneixation 
or  ehaiitjfcH  in  the  composition  of  the  bhKHl  and  tissue-juices  ean  siinmlate 
the  cells  to  an  incn'asc  in  their  formative  iietivity  is  at  present  hai'd  to  de- 
termine. Formerly  it  was  generally  helievcd  that  Ijv  various  meehaiiical 
and  chemical  inrtiieuce«  or  irritiiuts  ccll-fjrowth  could  be  brou^dit  al>4nit; 
bnt  exa^^-t  investigations  have  indicated  that  \>y  Mieh  proccdurciS  llrst  a 
tissuc-h'sidu  is  pr(Klueed— that  is  t^)  say,  cell-dc generation  aud  eell-ueero- 
ftis — and  that  the  prrifwth  follows  upon  this  as  a  secondar\'  matter.  More- 
over, more  recent  obsi-rvatious  make  it  seem  jirobable  thiit  there  are  chem- 
ical substances  whieli  can  act  uimui  cells  as  stimuli  to  growth.  Shouhl 
this  prove  to  be  coi-nM^t,  it  would  follow  from  it  tliat  not  only  in  the  ease 
of  gland-cells,  but  also  with  other  eells^  veU-proUferation  Utkc»  j/htce  sonif- 
iintts  from  remotHiJ  of  ohstarhs  to  fjrowtk,  xuiuft'ttnen  from  the  operntion  of 
fttrifHtfit'e  sfimuti  which  arc  of  a  chemical  natinv.  or,  in  the  case  of  muscle, 
through  uerve-inHiience.  or  sfunftitmts  from  n  romftimifioii  of  theae  two.  The 
fi>nuative  stinmli  nuiy  be  either  those  always  jirrsmt  m  the  orguidsm, 
physiological,  but  becoming  excessive  under  j>atboh»gical  conditions,  or 
they  may  be  the  result  of  ehenfical  substances  from  without. 

The  views  of  different  anthore  upon  the  causes  of  tissue-prowth  are  very 
different.  This  istbe  result  of  the  fact  that  these  phenomena  elude  aocurate  in- 
▼estijration.  and  so  we  niust  turn  to  hyjwithews.  In  the  present  article  it  is  ini- 
poasible  to  enter  upon  a  discussion  of  ihc  different  Wews.  I  have  collected  thera 
w  my  work  upon  the  causes  of  tissue-^rrowth,*  and  have  tht-re  irtore  accurately 
dethied  my  own  views.  Tltat  over-nourishment  is  by  it*telf  incapable  (►f  bring- 
ing about  a  new  growth  is  t4»  a  i-erlain  extent  eviilent,  since  in  animals  an  in- 
crease of  flt^sh  cannot  be  broujrht  about,  hut  only  an  iniTcjise  of  fat.  According 
to  Penzo,  in  vemuff  animals  a  yrowth  of  tissue  is  markedly  encouraged  by  a 
temperature  of  from  37'  to  40=  C.  (9S.6°  to  104^  F.^.  By  a  temperatmv' of 
from  10^  to  12"  €.  (5l>~  to  53.6^  F.)  growth  and  cell -regeneration  are  lessened. 
Boemer  believes  that  the  introduction  into  the  blood  of  a  fluid  containing 
prot«iu  causes  an  increai^e  of  the  leucocytes  by  division. 

II.  The  Processes  of  Hyperplasia  and  Regeneration  in  the  Various 

Tissues. 

§  SO.  The  morphological  chanj^csin  the  regeneration  and  hyperplasia 
of  epithelium  are  ctunparatively  simple.  The  karynmit<tscs  (Fig.  130, 
o-d)  correspond  in  the  main  to  those  described  in  §83.     The  division  of 

•  Ziegler.  ''  Ueber  die  Ursachen  der  pathologisehen  Gewebsneubildungen,** 
Jnttmat,  Ucitra^f^  Featachnft  ^fUr  Virchoic,  Berlin,  1891. 
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the  pi-otoplasra  ensues  either  in  the  Liter  stages  of  the  proecRs  of  nin'letifi- 
(hvision  tir  follows  after  it.  Stmit'liiiies  processes  are  formed  first  fn»iu 
the  prolit'ei-uliii^  epillieliuiu,  iiit**  whit'li.  hiter,  mu-lei  inigruU'.  These 
proeesst-s  Itecntne  iiitlepeiittciit  Ky  seiuirntion  from  tltc  iimther-cell. 

Epithflium  uprinys  ouhj  from  fpithtliutu,  mu\.  iiioi*eo\er.  the  various 
forms  of  epithelium  <lo  ui»l  ^mss  over  into  one  another.  It  is,  however,  to 
be  noted  that  uuder  eertaiii  eouditious — for  exanijjle,  iu  enses  of  inHtim- 
inat4)rv  irritulion  uf  loiij^  stJindin^ — »'iiitl»'liu>ii  wineli  is  re^eneniltiiiJ 
limy  cliaii^^e  its  ehanu'ter;  «o  lluit  pavement  ejtitheliuni  Jiiny  Tk*  dfvel- 
ope<l  i»n  surfaces  whieli  oripnally  possess<-d  ciliatvd  eylindrical  «]iir]ulium. 
Tliis  may  liHp]M-n.  for  example,  in  tlie  rase  of  eicatrici's  in  tin-  l»r<jnehi. 
Lesions  of  rihate<l  ej»ithelium  aiv  in  tlie  /ii-st  plm-e  repain-d  hy  Hat  eells, 
which  ]al«r  on  are  transformed  into  hijch  or  eyhndjical  cells. 


■f '    f 


Fig,  130.— Repeneration 
of  the  epithfcUuni  of  the  bil- 
iary p&s&n^es  iii  llie  tiL'ig'h- 
borhood   of    a    wuuiid   tl\o 
day.s  (tld.     «.  Knlnrgfd  uu- 
,_^^^        cleiis  ()f  epilhflial  <'('11»  with 
"^^•tV'X         int-reased  rlu'oinatin ;  h.  Epi- 
thelial   ecll    with    inother- 
j-v.      Bkein  ;  c.  Epithelial  eell  with 
kl      mollier-stflr ;    rf,    Epitht^lial 
a.     vi'W  wiih  duufirhtcr-KKein:  /, 
('«n!iefliw-tiK?«ue   rell    with 
daugrhtfi'r-Ktar.       (r*rP7>ara- 
tionhanleiK^din  Flernminp's 
Bcid-uiixtiire.    and    stained 
with   safraiiine    and    pieriu 
acid.      Magnified  400   dia- 
meters.^ 


Rliirht  losses  of  suhstanee  In  the  snperfieia]  ejiithelium  are  generally 
quickly  roplaeed  hy  reffenerated  ffrowtli  in  the  neiphlmrliood.  lu  the  in- 
testine a  k'sion  (it  the  epilheliiim  is  very  rapidly  heak'd  liy  a  growth  of 
the  epithelial  cells  situated  in  the  deep  parts  of  Lieberkiihn's  follicles. 
Iu  tin*  same  way,  ^danfliihir  epithelium — for  exanijile.  in  the  kidneys — is 
quickly  n'phu'fd  after  loss,  provi<U'd  the  stnirtiire  c>f  the  tissue — that  is 
to  say,  the  sulistrntnni  upon  which  it  rests — is  not  changed  or  destntyed. 
After  destruction  of  liver-tissue  the  liver-cells,  ns  well  as  the  epithelium 
of  the  bile-diicls  (Fi^'.  VM\),  arr  di'Vcln|M'il,  and  wlirn  tin- liver  is  injured  tlift 
division  of  the  mirlei  of  the  liver-colls  may  occur  at  a  couiimrdtivcly  trreat 
distance  from  the  wound.  ArtiUciid  defects  and  incisions  in  Khmd-lissne 
ai*e  eloserl  over  hy  uew-fontuMl  eiinn*'etive  tissue,  into  whirh,  however, 
more  or  less  extensive  uew-foniH'd  glands  jrrow.  (iland-ducts  may  put 
out  offshi«)ts  in  regenerated  and  h\']iertr4»phic  gr()wths  in  the  same  way 
as  in  emhryfuiic  life.  In  the  intestine  if  from  an  uliM-rativt*  pntcess  a 
]>a.rt  of  the  niiu'osa  and  suhmucosii  is  lost.  \n  the  conrse  *d'  In-aling  a 
gland-dcvelopnu'Ut  takes  place  which,  nrcording  t^i  the  nature  of  the  Je- 
feet,  produces  .wtiuictitnes  ty]>iriil.  somrtinn's  nithcr  atypical  new  irhinds 
iKig.  rJl).  whi4'h  grow  <lown  into  the  suhmucosa.  The  new  gland-for- 
mation jiroeeeds  from  the  old  glands,  whose  ejuthelinui  pushes  furwanl 
o\'er  the  edge  and  tlie  base  of  tho  ulcer  (Pig.  l.'ltM  and  lines  the  crj'pta 
ik).    lu  the  same  way.  also,  iu  the  stomach,  erosions  art*  healed  over,  aod 
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uJcers  even  of  considerable  extent  can  be  covered  with  mucous  membrane 
fxjutainiug  glands,  though,  to  be  sure,  the  glands  do  not  generally  pos- 
sess a  typical  form. 


Fio.  131. — Heating  of  an  ulcer  of  the  small  intestine,  with  formation  of  new 
gland-tubes  in  the  submucosa.  a,  Mucosa ;  6,  Sabmucosa ;  c,  d^  Muscularis ;  e, 
Serosa ;  /,  Rest  of  the  base  of  ulcer  not  yet  coTered  with  epithelium ;  g^  Over- 
hanging edge  of  ulcer ;  A,  Base  of  ulcer  covered  with  epithehum ;  i,  New-formed 
glands  situated  in  the  submucosa;  ky  Deep  czypt  covered  with  epithehum. 
(Preparation  hardened  in  Miiller's  fluid,  alcohol,  and  celloidin;  stained  with 
hiematoxylin ;  mounted  in  Canada  balsam.    Magmfled  20  diameters.) 

If  compensative  hypertrophy  takes  place  in  a  kidney  or  liver,  as  a 
consequence  of  loss  of  kidney-  or  liver-tissue,  it  is  brought  about  by  the 
formation  of  new  gland-cells  and  enlargement  of  existing  gland-tubes  and 
stroma.  After  extirpation  of  a  kidney  the  commencement  of  compensa- 
tory hypertrophy  may,  under  some  circumstances,  occur  on  the  third  day 
with  the  appearance  of  nuclear-division  figures  in  the  epithelium  of  the 
urinary  c-anals,  and  then  there  takes  place  a  further  permanent  growth 
of  the  epithelium  of  the  tubules  and  the  glomeruli,  as  well  as  of  the  cells 
of  the  vessel-walls. 

The  regeneration  of  epithelium  has  been  the  subject  of  many  investigations 
in  recent  years,  but  an  insight  into  it  has  been  rendered  possible  only  by  a 
knowled^  of  the  nuclear- division  figiu*e8.  In  the  first  place  the  regeneration 
of  BUperncial  epithehum  was  studied.  Lately  gland- regeneration  also  has  been 
investigated,  and  in  this  connection  reference  must  be  made  especially  to  the 
work  of  Bizzozero,  Vassale,  Griffini,  Poggi,  Podwyssozki,  Coen,  and  Obolonsky. 
The  work  of  the  three  last  named  was  carried  out  in  my  institute,  where,  for  a 
number  of  years,  systematic  investigations  upon  tissae-regeneration  have  been 
made. 


§  90.  The  new  formation  of  blood-vessels  plays  an  important  part 
in  the  hyperplasia  of  the  most  varied  tissues.  If  connective  tissue,  b(me, 
or  gland  is  to  be  i-eproduced  in  any  considerable  amount,  the  new  forma- 
tion of  blood-vessels  is  essential,  since  only  by  means  of  those  can  suffi- 
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NEW  FORMATION  OP  BLOOD-VESSEI^. 


cient  nutriment  be  brought  to  the  growing  tissue ;  consequently  the  ves- 
sel-formation appears  very  early  in  tissue-gi'owth,  and  is  to  be  regarded 
as  by  all  means  the  most  important  factor  in  its  development. 

The  development  of  new  blood-vessels  takes  place  by  the  formation 
of  offshoots  from  the  wall  of  preexisting  vessels  (Fig.  132).   Shortly  after, 


Fig.  132. — Development  of  a  blood-vessel  by  formation  of  offshoots,  from 
preparations  which  were  taken  from  a  formation  of  inflammatory  granulations. 
a,  h,  c,  d.  Different  forms  of  offshoots — some  solid  (6,  c),  some  becoming  hollow 
(a,  hj  d)j  some  simple  (a,  d),  some  branching  (b,  c),  some  without  nuclei  (a,  rf). 
some  with  nuclei  (&,  c).  Formative  cells  have  applied  themselves  to  the  outside 
of  the  offsboots. 


or  at  the  same  time  A\'ith,  the  formation  of  the  offshoot,  or  even  earlier,  a 
growth  of  the  cells  of  the  vessel-wall  takes  place — that  is,  of  the  endo- 
thelium {Fig.  133) — in  which  nu(;lear  division  occurs  by  karyomitosis. 

As  the  first  indication  of  a  new  vessel,  one  notices  on  the  outer  side 
of  some  capillary  loop  a  tent-shaped  elevation,  which  terminates  in  a  fine 
protoplasmic  thread,  standing  out  from  the  vessel,  un<l  which  becomes 
longer  and  longei".  while  at  the  same  time,  tilso,  the  gi-anular  mass  gi-ows. 
In  this  way  there  is  then  tormed  a  soli<i  f/ramthir  arch  of  profophiam,  wliieli 
ends  in  a  thvmd  of  protophism,  and  after  a  certain  time  (contains  nuclei. 
It  may  j)enetrate  into  another  vessel  or  unite  with  some  other  arch  which 
it  meets,  or  finally  return  again  to  the  same  vessel  from  which  it  started. 

Furthernn)re,  from  the  arch  itself  new  arches  may  spring  (Fig.  132, 
ft,  r),  i)r  it  may  end  in  a  club-shaped  process. 

The  arch,  which  in  the  first  i)la('e  was  solid,  iifter  a  certain  time  be- 
comes hollow  (/*,  n)  by  tlie  liijuefartictn  of  its  central  part,  and  this  sjwce 
either  at  once  or  very  siton  comes  to  comiminicate  with  the  lumen  of  the 
blood-vessel  (rt),  or  else  there  is  developed  a  protrusion  of  the  lumen  of 
the  vessel  at  the  seat  of  the  arch.     The  bh)od  of  the  parent-vessel  makes 
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its  "Wftv  (it  once  into  the  oavity  of  the  daii^bler-vessfl  and  widens  it  out. 

Uy  reason  of  tlu*  faft  that  thi.'  hollowing  nut  advances  and  extends  to  the 

point  of  entry  of  thf  protuplasni-aivh  into  another 

blood-vessel,  there  ia  fornipd  H  new  eapillary  loop 

pemK'jvhle  for  hlood.  f^^STHS^^.  ^ 

Tlif  ftfcli  (if  jirotoplasm  whi<*h  raises  itself  from 
the  wall  <tf  a  hlood-vessel  is  t*i  be  rt-jrardetl  as  a 
proeess  of  a  eell  of  the  ve.stie!-wall,  and  later  on, 

Fig.  133. — Two  vessels  of  the  papillary  layer,  whose 
endothelial  eells  are  in  process  of  jrrowth :  five  days 
&fter  painting!  the  skin  of  tho  l>»ck  of  tlie  ftmt  with 
iodine,  a.  Nucleus  with  fhromatiu  fniuiework;  fc,  6i, 
Skein  forms;  c,  ModuT-stwr  ;  r/,  Cnrmertive-tissue  cell 
with  nurlenr  divi.sion-fiiyrure;  p,  Uniriiiclt'tir  Imiporyt^'s. 
(Preparation  hurclened  in  Flemininjf's  acid-solution 
and  staijied  with  satVaniue  aud  picric  acid.  Ma^Tiifie^l 
3.50  diameters.) 


aft<T  it  has  arquiivd  a  nucl*'us,  it  eomes  to  he  an  independent  eell.    Accord- 

iiijjly.  ^Ut'  hioofi-rt'SMf'fs  urisf  from  thf  holhrnny  out  a f  a  filiform  nff. 

Iuinn-'eliiit<"ly  after  the  opening  of  the  way  fur  bhiod,  the  capillaiy  is 
a  tul>e  with  a  honm^cnrous  wall.  After  a  rcrtain  length  of  time  tlio  proto- 
pla:^m  fjat  hei*s  itself  about  tlie  uiiclei,  whieli  have  in  the  meantime  divided 
and  iriidliplied  so  tliat  eventually  the  eupilliiry  i^  made  nj)  of  pavement 
epithelium.  As  Aniohl  has  shown,  the  line  nf  division  between  the  s**p- 
arate  tlnl  cells  may  be  deiimnstrnlrd  l>y  injei'tiii;:  a  solution  of  silver  into 
the  vessel  [endatlielial  eells).  At  this  time  the  wall  appears  already  tuate- 
riaHy  thh-ki'Ued.  partly  from  growth  of  the  ei-lls  tbrmselves  of  tlie  vessel- 
walls,  but  p:irtly  also  beejinse  a  eonsidenible  number  (if  the  fornuitive 
eellsof  the  iieighborlHHxl  heap  themselves  upon  tbesurl'aerof  the  vuuug 
vessel  (Fig.  l'i'2,  d),  ajiply  themselves  t<i  the  wall,  aud  so  make  it  thicker. 

The  proeess  of  new  vessel-formation  eonsists  mainly  of  the  [thases  tif 
development.  It  seem.s  lK»we\er,  that  a  in^w  feature  may  apj>eav  in  the 
proeess  of  developnu'Ut.  in  that  spindle-shaived  or  ehib-shajto<l  ()r  bninelu-d 
formative  eells  may  be<-oiue  assoei-ite*!  with  the  proeesses  of  tlie  vessel- 
walls,  and  tlii'ti.  tn  the  same  way  as  ni  the  ease  of  the  protoplasm ie  arches, 
be  transtorineil  inio  capillaries,  by  the  development  of  a  r-entnd  eanal. 

At  the  titue  of  tlie  furmation  of  the  ofl'slioots.  the  endotlM'lial  cells  id* 
the  eapillarics  are  miieli  sAvoIlcn,  and  s*urM4imes  in  growing  tissues  they 
n^atOt  such  a  size  that  the  emss-seetioti  itf  a  eapillary  looks  not  unlike  a 
gland-duet  lined  with  epithelium  (Fig.  134.  (/). 

At  the  same  time,  nnelear-divistim  figures  apjwar  in  the  endothehnin 
(Fig.  133,  a-c*).  which  later  oti  are  tViUowed  by  divisioii  tif  the  uueleiis 
and  oell.  In  just  what  relation  these  growths  stand  t<t  flu-  bnd-fornm- 
tion  has  not  yet  tieen  elearly  made  out,  but  doubtless  the  buds  s|>ring 
frtuu  growing  cells.  Tlie  growth  of  the  eiuloHielium,  however,  dfK's  not 
alway-i  lead  to  the  formation  of  new  vessels,  but  may  <mly  bring  about  a 
thiekeuiug  of  the  wall,  aud  tiually  an  obliteration  of  tlie  lumen. 

If  the   new-f<)rmed  eapillaries  are  to  l>eeome  art-eries  and  veins — a 

change*  whieh  in  the  ease  of  extensive  new  growths  must  always  oeeur  in 

a  part  of  the  capillanes — this  t^iki's  plaetr  liy  a  growth  of  the  cells  of  the 

vessel-wall.    The  ditferent  parts  of  tJie  arteries  iMid  veins  are  develo]ied 

«ni  this  formative  material  by  special  proeesses  of  diflferentiatioii. 
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HYPERIM*A-SIA  AND   REGENKRATIOM  OF  (X)XNECTIVE  TISSrES. 


In  the  handbooks  of  patbologrical  anatomy  and  surgery,  thive  fomts  of  nf  w 
fonnatiou  of  ve^tsf  1h  are  generally  described,  and  distinguished  as  primary*  sec- 
»>udary,  and  tertiary. 

In  tht'  primary  fonu  the  cells  of  the  gonn-tisaue  are  dirtn-tly  tTan-»f4tnned 
into  red  bkHid-eells  and  tlie  elements  of  the  vessel-walls,  and  this  takes  j>la<'e  as 
follows:  the  germ-cells  unite  together  to  fonn  strings,  whose  axial  portions  l^>e- 
come  rod  blood-cells,  while  the  periphenil  p&rtji  lK;couie  the  structure  of  the  wall. 
Tiiis  ftinn  of  vessel-development,  which  oecui-s  in  the  embryo,  does  not  take 
place  patliologicjiUy. 

In  the  seeondan*  genu,  according  to  Billroth.  0.  Weber,  and  Rind6eisoh. 
spindle-cells  unite  to  form  cords  in  such  a  way  that  tiiey  inclose  between  them 
a  eumU. 

As  far  as  I  can  see,  these  observations  are  based  upon  errors ;  beeanse.  ver>- 
early,  spindle-cells  heap  thpinsnlves  upon  the  vessel-buds— for  example,  in  gran- 
ulattoDs — cover  over  the  butts,  and  form  strings  of  i-elis  ab<mt  Ihetii. 

Tlie  so-called  tertiary  fonnatiou  is  that  which  has  been  descrilicd  in  the 
main  text. 

§  91.  Tlie  connective-tissue  structures  are  almost  all  oapalde  uot  only 
of  a  hyperplastic,  but  also  of  a  ivgeuirrativc  growth.  This  esjKf'ially  liohU 
good  of  mitnriried  and  foniied  connective  tissue,  the  periosteum,  inarrow, 
and  lyinpbadeui»id  tissue,  while  earlihtge  [wissrsses  only  n  f«*eh!e  j>owt?r 
i»f  regeneration,  and  the  ctmipletely  develope<l  botie  t«k«*s  ui>  slmre  in  the 
new  formation  of  bone-tissue.  In  ease  of  destnietion  of  eonneetis'e  tis- 
sue tlje  substitution  tiiwne  newly  l'onne<l  by  n'gein*nitive  giMiwtb  is  veri" 
often  not  the  same  as  tlu^  original  tissue.  More  often  anotluT  fonu  of 
eoimeetive  tissue  eonies  in  its  jda»'e.  Thus  defects  in  eartilage  tiiv  f»ir 
tlie  most  pail  replaced  by  <rt)nnei'tive  tisane  <jr  by  bone,  ami  in  the  place 
of  destn)yed  f»t,  lyniph-glamls.  tendons,  ete.,  tliere  is  devel4tjM?d  tJiiek, 
tibrillated  e*)iinoetive  tissue — so-called  .vrftr-f issue. 

Hyperplastic  and  regenerative  growth  of  connective  tissues  is 
nshere<l  in  by  nll-Hinftijilimftou,  in  the  eours*^  of  which  the  abovc-de- 
Hcribed  karyoniitoses  tM'cnr  (l*Hg.  130./;  Fig.  133,  tl ;  Fig.  134,  6.  r). 
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Fin.  134. — rrolifomiing  period- 
li-uni.  four  davs  after  fracture  of  ib 
bone.  (I,  Pale  ftirmative  cells  with 
Ijirge  nuclei ;  b.  Osteoblast  with  nu- 
clear-division tlgin-es;  c.  Two  cells 
sr>ou  after  di^■ifiion,  showing  thread - 
skt?in  in  lun'leus;  d.  Blood-vessel 
with  prolifei-ntiug  endothelium;  r, 
Rndotht-lial  cell  with  nuclear  tigure: 
J\  Small  dark-colored  formative 
cells;  r/,  Leucoeytes.  (Preparation 
treateA  with  Flemming's  nueleua- 
fixution  fluid  and  htemtitoxylin,  iiml 
mounted  in  glycerin.  MapiitliMl  25 
diameters.) 


Iti  injm'ies  to  the  tissues,  the  oell-proliferatiou  begins  very  early,  sri 
that,  fitr  exainpht,  in  fraenni's  id"  bones,  already  on  the  second  day  single 
04?lls  of  the  ]M_'rioslcuui  Imve  enlarged  and  show  niu'lenr-division  flgnrw*. 
In  regeneration  and  b^ijerplasia  aft^r  slight  injuries,  here  and  then* 
karyokinetie.  figures  oecnr,  ami  leail  soon  to  the  fonnatioit  of  new  w?lhs 
(Pig.  133,  i/). 

If  only  a  few  cells  are  destroyed  by  iin  iiijiny  to  a  tissue,  uew-fomied 
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cells  are  developed  in  the  place  of  those  lout,  witJinut.  any  consideral)le 
change  ill  tlu-  Htnu-turi-  of  tin-  tissue  tjikin^  ]>liL(e.  If,  on  the  eontraiy, 
uTiiler  patholo|fiml  rouditioiij*,  a  oonsideniMe  ninount  of  new  stnieture  is 
formed  in  a  short  tinii:-,  the  proliferating  eelis  fomi  an  embryonic  tissue 
conMstiui^  fiir  the  most  part  of  eells  and  l>lttod-\'osst'ls  (Fifj.  I'M).  The  ex- 
tent of  tiiiH,  naturally,  niay  van-  cimMitlenLhly.  iiud  depends  partly  upon 
the  eapiu'itj'  of  tlie  tissue  for  ])roHf*'rntion,  partly  upon  the  uatnre  of  the 
lesion  whieh  h^ads  t-o  the  proliferation.  For  example,  the  peinnsknan,  pro- 
liferating after  fnietni-e  of  a  bone,  tVirrns  a  eontinnous  hiyer  of  de>'e!o|)- 
\]\^  enihryonie  tissue  (Fi^.  I'M),  while  proliferating  cartilage  generally 
])ro(luees  only  small  foei  eousisting  of  a  limited  nuniluT  of  erils. 

The  ppolif(*i*atinf^  eells  are  always  lari^er  than  those  of  fully  developed 
ami  iiuiewent  conueetive  tissue,  and  contain  large  hhidder-sliaped  nuelei 
witf)  nucleoli.  They  linve  f*»r  the  most  part  om*  or  two  nuelei  (Figs.  1-J4 
and  V4')  >,  though  luultiouelejir  cells  also  iwcur  (Fig.  135,  f'l) — the  so-called 
tfiant  cells. 
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Fio,  135.— laolftted  coll«  from  a  graniUating  wound.  «,  Uninuclear  louoo- 
eyte;  Uu  Multinuclear  leucocyte;  b.  Different  HlmueK  of  uninucUair  formative 
cells;  c,  Dou^jle-nucleated  formative  cells;  ci,  Multiau<^lL'ut4>d  formative  cells; 
rf.  Formative  tiells  in  the  process  of  tissue- formal  ion  ;  a.  Completed  connective 
tissue.     (Picrocariuine  preparation.     MagnlAetl  5CK)  diameters.) 

Since  all  of  these  eells  are  the  antecedents  of  the  future  tissues,  they 
are  ealled  formative  cells.  If  coiineetive  tissue  is  t^j  develop  later  from 
rhe  embryonic  tissue,  then  these  ceUs  are  ealled  fibroblasts  (Pig.  IS"*, 
ft,r,(/,^  and  Fig.  13G,  it).  The  anteeedent-s  of  cartilage  and  bone  are  called 
chondroblasts  (Fig.  Ki",  r/,  r)  aud  osteoblasts  (Fig.  KH,  n,  b.  c). 

The  .ihape  of  the  fonnative  ei4ts  may  vary  (Fig.  l-').!,  b,  c,  d^  e),  and 
depends  in  part  upon  internal  eanses— that  is,  upon  changes  in  sliaiM' 
gpnntanoously  deveh)ped — in  part  uptui  tlie  inthieiiee  of  the  environment, 
which  under  certain  c.ircum>tanees  compels  the  cells  to  take  certain  deft- 
iiit^'  shapes.  The  most  varied  shapes  oceui*  in  the  cells  which  produce 
ctinnectivo  tis.sue. 


246 


NEW  FORMATION  OF"  tlARTlLAGE  ANT>  BONE. 


If  connective  tissue  i«  to  be  developed  from  an  embrj^onic  tissue, 
either  iiiie  Jibrilht  (Fig.  135,  </,  e)  appear  at  once  iu  eertaiu  parts  of  the 


Pro.  136.— Development  of  connective  tissue 

from  fibroblflsts.  a,  tibroblasts;  h.  Hyaline  base- 
metit  >*ubstnDC«  with  sejMirated  fibrils;  c.  Fibrils 
aroiiiid  filirublants.  (Preparutiim  hardened  in  lliil- 
ler'a  fluid,  stained  w'ith  merofuniune,  and  mumited 
in  glycerin.     Magnified  400  diauieters.) 


cell-protoplasra  and  between  the  cells,  or  else  there  appears  first  a  komo- 
(fciteon,^  ittti'n'vlitdttr  stfhstom-F  (Fii^.  V.i<],  h),  in  wliieb,  sulwpqiu'iitly,  tbo 
iSbrillte  bcvome  ditfereulinlt'd.  Tlie  formative  eells  nieaiiwiiite  diniiiiish 
ill  size,  and  eonie  to  lie  in  siiialJ  eleft^  (Fig.  liiu,  e)  which  are  situated  in 
the  basement  stibstanc*-. 

In  tlie  devebjjunenl  of  hyaline  cartilage  there  appears  between  the 
eells  a  hyalini'  biiHenient  substanre  (Fi^.  1^7,/).  wliile  the  idiondroblasts 
(c)  at  the  same  time  take  on  a  nture  ronuded  tVirm  {(f).  As  time  ^roes  on 
the  basenii'iit  suiislnni-i.'  iiicri'iises,  and  the  rlinndntblHsts  ^tow  .nninller, 
and  come  to  lie  in  rounded  (.n»\  ities  whose  walls  are  denser  limn  the  ivst 
of  the  bji-^emeiit  sul»stauee,  and  later  ou  form  the  piul  of  the  ground-sub- 
slauce  which  is  culled  eartilaj^e-eapsidc. 


m:- 
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Fto.  137.-- -Periosteal  cartilage-fomiation  in  a  fracture  five  days  old.  a, 
<_'t'Ilular  eiubryonie  tjssut? ;  h,  Curtilago-l issue  :  c.  Proliferating  periosteal  fortua- 
livo  cells:  tl,  Carlilago-cells  j  rfi.rf::,  Nuelear-di vision  figures  iu  eartilage-cells; 
»-.  Basement  subatjitiee  of  the  embryonie  tissue;  /,  Basement  stibatanee  of  the 
earlUage;  ff,  Cartilage-eell  capsules;  h^  Proliferated  enilutheliiini  of  a  bhK)d- 
veseel,  (Preparation  treated  wilh  Flemniing's  noeleiis-fixntion  fiuid  and  lia^ma- 
toxylin,  and  mounted  in  glycerin.     Magnified  250  diametei's.) 

If  Ijone  is  to  develop  from  eellular  embryonie  tissue  thei'e  ap])ears 
belwei'ii  tlie  forrtnitue  cells  a  lioirinp-neoiis  oi  Hbrillatt'il  dense  Imsi-nieut 
Hubstaiiee  iKig,  1/i.S.  c).  whieh  later  on  lieetnries  impregnated  with  ealeare- 
otis  salts.  The  osteoblasts  eoine  t*>  lie  in  irregular  spm-es  with  proeessefi 
(Fig.  K^H,  c,  and  Fig.  IIV.I,  h)  which  are  genenilly  called  bone.coi-]nisclo8, 
Iu  extcutiive  deveUipmeut  of  celltdar  embryouic  tissue,  ite  trauiifonnii- 
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tion  into  bone  always  is  limited  to  a  part  of  the  tissue,  so  that  within 
the  embryonic  tissue  trabecule  (Fig.  138,  c)  are  formed,  which  are  called 
osteoid -trabeculae  as  long  as  they  remain  incomplete  and  do  not  contain 
lime-saits.     The  tissue  between  (6)  is  transformed  into  marrow  by  the 


Fig.  138. — Formation  of  osteoid  trabeculce  from  the  proliferating  periosteoni. 
a,  Fibre  layer  belonging  to  the  outer  periosteum  j  6,  Embryonic  tissue  j  c,  Osteoid 
tissue;  d,  Cartilage^tissiie ;  «,  Marrow.  (Preparation  from  a  fracture  fourteen 
days  old,  hardened  in  Miiller's  fluid  and  alcohol,  decalcified  in  picric  acid, 
sttfined  with  hematoxylin  and  carmine,  and  mounted  in  Canada  balsam.  Mag- 
nitied  50  (yameters.) 


cells  becoming  united  to  one  another  by  processes,  while  there  appears 
between  them  a  fluid  basement  substance  with  scanty  fibrillee,  in  which, 
later  on,  round  cells  become  embedded.    If  only  a  little  bone  is  to  be 


Fio.  139. — Bone-formation  by  heaping  up 
of  osteoblasts  upon  old  bone,  a,  Old  bone ; 
6,  New-formed  bone :  c.  Osteoblasts.  (Prep- 
aration hardened  in  Miiller's  fluid  and  alcohol, 
decalcified  by  picric  acid,  stained  with  hiema- 
toxylin  and  carmine,  ana  mounted  in  Canada 
balsam.    Magnified  300  diameters.) 


formed  and  old  bony  trabeculte  are  to  be  coated  over,  then  osteoblasts 
form  a  layer  on  its  surface  (Fig.  139,  p),and  these,  later  on,  produce  bone  in 
the  above-described  way. 

Mucous  tissue  develops  from  embri'onic  tissue  by  the  formation  of 
a  homogeneous,  gelatinous  matrix  contJiining  mucin  and  lying  between 
the  cells,  while  the  latter,  at  least  in  part,  form  a  network  by  means  of 
processes, 

Lymphadenoid  tissue  develops  fmm  embryonic  tissue  by  the  foi-ma- 
tion  <»f  a  part  of  the  cells  into  a  supporting  reticulum,  while  lymphatic 
rijund  cells  gather  in  the  meshes  of  this  network,  which  contains  fluid. 
In  injuries  of  lymph-glands  there  occurs,  according  to  Ribl>ert.  a  regen- 
eration by  proliferation  of  the  cells  of  the  reticulum  and  of  tlie  vessel- 
walls,  of  the  endothelium  of  the  lymph-channels,  and  also  of  the  cells 
of  the  lymph-nodes  and  cords  already  pntlifcratiug  under  uonnal  condi- 
tions. The  progeny  of  the  cells  of  the  supporting  substance  form  a  net- 
work in  the  meshes  of  which  j)roliferating  cells  collect. 
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Fatty  tissue  arises  by  the  takiiif;  up  of  fat  into  the  cells  of  eml)r>^oniB 
tissue  or  t)f  a  mufous  tissue  ov  coiineetive  tissue,  while  the  eells  ehaugre 
to  fat-<!ells  by  tbi^  ninning  together  of  the  fat-*lrops  which  they  eontain. 

Thf  basement  substance  of  the  tissues  de:*cnl>e<l  is  a  product  of  the 
protoplasm  of  the  formative  cells.  Wliether  in  the  prm-.'ss  parts  of 
tlie  protoplasm  are  dii'eetly  ehau{,'ed  iuto  basement  substanee,  or  whether 
they  wniet4'  the  basenieut  substaiin-  or  nianufaetnre  it  from  tlie  inter- 
celbilar  HiutL  are  questions  lUffirult  to  lU'uiiie ;  yet  it  is  probable  that  only 
the  two  ftrst-nientioned  mt-thods  <>f  forination  oeeur  (cf.  Fip.  Ki'i,  d,  and 
Fig.  136).  At  any  rnte,  a  coiisnmplinn  of  albununoids  tnki-s  place,  and 
in  the  course  of  the  development  of  the  irmlrix  (he  foruiative  n^ls  become 
srnidler.  It  is  |)ossible  that  pai*t  of  them  may  be  entii"ely  consumed  iu 
the  formation  of  the  haw-ment  substunee. 

Fibriflafrt!  rouufcthr  fi.sstw  ean  develop  from  any  eonneetive  tissue  tluit 
xindergofs  pndifemtion,  by  nii-ans  of  an  endinonie  lissue-stage. 

hone  arises  most  often  from  periosteum,  perielKfndrium.  and  maiTOW, 
but  can  take  origin  at  timrs  also  fntm  other  connective-tissut*  structures, 
HS,  for  exami»le,  interiuuseidar  eouiieetive  tissue. 

CittiilHfff  arises  most  often  from  pr»>lifemting  penehondrium.  perios- 
teum, maiTow,  and  eartiltige  itself,  but  oeeni-s  iilst*  in  other  eouneetive- 
tissue  structures — for  e.xaiiipl'',  iu  the  eojiiieetive  tissue  oi"  the  testis  and 
the  pai*otid.  The  cartilajre-eells  in-ar  ii  lesion  nmy.  iiinler  certain  eireum- 
stauees,  l»v  proliferation  pnnhici-a  Inrge-ei-iled  eniln-ycnie  (issue,  (mt  tliis 
does  not  reaeb  any  coTisiilerable  size.  In  enchondroina  the  i-ell-ninllipli- 
cAtiou  and  the  new  fonuation  of  cartilage  take  jilaee  in  the  siiine  way 
as  in  ]  thy  si  o  logical  eartihigc-growtli.  Very  often  the  cartilage  formed 
under  pathulogiefll  conditions  is  oidy  a  transitional  tissue  and  ehunges 
veiw  soon  again  int4j  bone  and  Tnan*o\v  or  int<»  connective  tissue  (i-f.  Path- 
ological .\MHtomy  of  the  Hones). 

Xeu-  fifiniihtitlinoiff  tistiuf  may  develop  ns  well  from  lympbadenoid  tis- 
sue as  from  adipostr  tissue  (Bayer)  mid  HUrillate  conneetivc  tissues,  and 
occurs  iu  the  last  case  most  often  in  the  connective  tissue  of  the  mucosa 
nnd  s!ibmu<'osa  of  the  intestinal  tract,  as  well  as  iu  tbe  glandular  organs; 
rarely  in  intermuscular  connective  tissue. 

MnrottK  tissHf  may  devel(»p  fnan  all  priilifernting  connective  tissue, 
but  appears  only  rarely  in  large  masses,  and  is  also  for  the  most  part  a 
transitional  fi»rm.  which  i-hangcs  into  adijMise  or  eonneetive  tissue. 

Atlipitsc  thtHur  develoi>s  in  tliose  sjt nations  whir'h  already  normally 
roiitaiti  fat.  lint  oticurs  also  at  times  in  i»tlier  places — for  example,  in  the 
retieidated  framcw<irk  <d'  atrophic  lymph-glaud.s  in  the  {>erimysium  in- 
ternum of  atro])hied  musclis,  etc. 

The  near  relationship  of  the  different  f<M-ms  of  connective  tissue  to 
one  another  enables  the  vari<tus  fomis  to  pass  from  one  to  another  with- 
out the  need  of  au  intermediate  embryonii!  tissurvstage.  Further  details 
of  this  arH  (rontainetl  in  the  next  chapter, 

§  92.  The  new  formation  of  the  white  blood-cells  occui-s.  in  tlie  first 
plwe,  within  the  lymjihinlcnoid  tissue  of  the  lymph-glands,  spleen,  and 
intestinal  trnet.  and  the  lyniph-!n)des  cimtain  areas  distinetly  separated 
off  from  their  surroundings,  in  wbieb  there  are  always  a  large  number 
iif  nnclear-divisi(in  Hgures  which  Iwdoug  tor  the  most  part  to  free  cells. 
These  areas  are  <'Alled  t/rrtit-rnitrfx  (Flemming).  Mon*ovcr,  proliferation 
of  leucoc^ytes  by  division  oe^tirs  also  in  the  lymph-channels  of  the  lymph- 
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glaods  and  the  tissues,  and  now  there  is  uo  doubt  that  the  leucoe^'tes 
mso  underjfo  division  in  the  einnilaliug  blood  and  in  the  tissue-spaees. 

The  diviaion  oeenrs  fii*sl  of  nU  by  mifosis;  hut  amitotic  division  also 
tjiki's  pbi(H',  and  upon  this  jilinioim'non  ilcjit^nds  the  fiivl  tliat  a  lnv^  part 
of  the  leueoeytes  eotitniii  In'uken-up  puriiims  of  nntii-i,  of  peculiar  lobti- 
lated  or  wreath-like  shape*. 


Flu»  140.— Seption  from  the  oenti*e  of  develop- 
metil  of  a  mesenteric  gland  (from  Flt^mminjr).  a, 
Large  leucocytes;  b.  Small  leucocytes ;  c.  Knryoau- 
toses;  (I,  Direct  di\'isioii  of  the  nucleus,  or  nuclear 
fni^ueutHtion,  the  sijrnificjiiK*e  of  which  is  gtill 
uukuoirn;  c,  Cells  which  omtftin,  Hlxmt  the  nucleus, 
larpe  bodies  that  stain  and  sniaUer  yellow  pi«riuent 
^•Niiules  whose  menuinf;  is  unknown.  (Prepa- 
ration treated  "with  Flemruiiij^'s  acid-mixture  and 
stuinf  (I  with  safraninti  and  gentian  violet.  Magni- 
fied 40()  diameters.) 


f^ 


.;,■■;??. 


Mitotic  division  is  the  one  which  leads  to  the  formation  of  viable  cells. 
In  Imw  far  amitfitie  dinsion  (fraginontnfion  of  the  nuch-i)  is  followed  by 
Cfdl-division  is  hard  to  tell,  but  there  is  iiu  doubt  that  tlu'  leucocytes  with 
brok^'!i-up  nuclei  represent  for  the  most,  part  elcrut-nts  uuderj^oiujf  retn>- 
gruile  nK'tanioi*i>hu8is.  Consequently  the  trausfonuatiou  of  uuLiuiulear 
into  multiiiuclear  leucocytes  wotdd  liave  to  be  regarded  as  an  evidence 
of  their  death. 

Not  infreqtioutly  in  imthologicol  conditions  an  increase  in  letteoeiffe-for- 
vmifon  takes  place,  aud  this  may  occur  not  ouly  in  the  perm-centres,  but  also 
in  other  situatiruis.  This  increase  may  lead  to  a  temporary  iucn^ase  of  the 
leucocytes  of  the  bloo<J — to  a  huronjitosis — as.  for  example,  in  the  course 
of  many  iiifccticms  iliseases.  a.s  pyuMiiia,  erysipelas,  piirnmoriia,  pleurisy, 
pi'rit<uiitts,  in  which  especially  the  potynuclear  cells  are  increased  in 
number.  It  luust,  however,  be  nott^l  that  an  ineivase  of  the  leucocytes 
of  the  blood  is  no  prtiof  of  an  increased  production,  for  the  cells  may  be 
transferred  from  the  lymphadenoid  tissue  into  the  bhunl  in  larjfer  ntim- 
hers.  In  the  chronic  disease  culled  lencfFmia,  the  eositiophile  ctdls  of  the 
bloffd  arc  increa.'^cd,  and  there  appear  in  this  fluid  nionouuelcar  white  and 
red  cells  which  lire  not  norniHlly  present  in  the  blood.  .Since  in  leucaemia 
sometimes  the  spleen,  snmi-titnes  the  lyniph-^dands,  sometimes  tlie  marmw, 
and  in  some  cases  all  tliese  organs  tof?ether.  show  a  conilitiou  of  liyper- 
tfophy  with  increased  cell-priKiuction,  it  is  likely  that  the  leucocytes  pres- 
ent in  the  blood  also  for  the  most  part  ciftne  from  these  organs.  Lar^ 
mononuclear  forms  with  neutrophilc  jri-anules  are  charactenstic  of  mye- 
Injjenic  leuca'uiia  (Ehrlich).  In  the  l^nnphatic  and  splenic  forms  the  uni- 
nuclear lymphocytes  are  increased. 

The  new  formation  of  the  red  blood-cells  oeeui's  (Bizzozen:>,  Neu- 
mann, KIeminin«j)  by  tiiilotic  division  (if  nucleated  yount;  forms  of  red 
bhxjd-eells.  In  ?iduU  men  thes*'atof  this  gT-owtli  is  limileil  to  the  bone-mar- 
row, and  this  alst*  hoMs  ^ood  (Hizzozcro)  in  the  case  (»f  mnnimals,  birds, 
reptiles,  and  tailless  amphibia,  wbilo  in  tailed  iimphiUia  and  in  tislies  the 
spleen  also  has  a  share  in  it.  In  embrj'os  the  dcvcUt[)mcut  nnd  multipli- 
cation of  red  blood-cells  takes  place  in  Uie  entire  vascidar  system :  lat*»r, 
it  is  limited  to  the  spleen,  the  liver,  and  the  marit>w,  and  hnally  to  the 
latter  alone. 
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Neumann  claims  that  the  multiplication  of  tlie  youn(^  foi-ms  of  the 
red  blood-i'cll.s  tnke.s  phu'c  in  the  lymplioid  lujirifiw,  without  more  defi- 
nitely indicating  the  situatiim.  Acrurdiug  to  Bizxozero  and  Denys,  it 
takes  phiee  only  witliin  the  vessels  of  th«  niarnn^.  and  the  ^.-oniplete  de- 
velopment of  the  red  cells  is  (carried  out  in  tin*  samt*  situatiou.  Tlic  trauH- 
fonnation  iif  tln.^  nucleated  into  nt>n-imrlHated  ivlls  lakt's  pla<*e.  actiiortl- 
ingto  most  olistTvery.  l)y  disapiK'arani'ti  of  thi*  nuckHis.  HiiidHeiseh  and 
Howell  hold  that  the  nucleus  passes  out  of  the  cell,  Aeeordiug  to  Ma- 
lapsez,  the  cell  separates  off  from  the  nucleus. 

The  origin  of  the  n\icleated  refl  cells  has  not  yet  been  satisl'actorily 
explained.  Aecortling  ttt  Bizzozern,  the  youutr  red  eorpnsek-s  an^  cells 
of  a  peeidiar  kind  which  always  eontnin  hienio^Iohiu  and  have  no  color- 
less periphery.  Denys,  Lowit.  and  HowcU,  an  the  contrary,  assume  that 
they  arise  fnuii  nueleatvd  eohirless  cells  with<iiit  luvnu^frlohin,  which, 
aeeordin^r  to  Denys,  ]iroliferate  within  the  vessels  of  the  maiTow,  wliile 
Liiwit  believcj:  that  the  colorless  antecHleuts  fif  the  re<l  cells,  dividing 
bv  mitosis,  and  which  he  calls  erythroblasts,  occur  as  well  in  the  l^Tnph- 
glands  an(i  sjdeon  as  in  the  nian'ow,  an*!  as  well  in  tlie  vessels  tva  in  the 
meshes  of  the  i**'tieulatcd  tissue. 

Klemminif,  who  agrees  with  Bizznzero  regarding  the  hteninglohin  of 
the  nucleated  young  red  lilooihcells.is  incliucd  to  assume  that  theyiuiug 
fonns  which  are  present  in  later  life  are  direct  dcK'endant^i  of  those  of 
the  embryo  period,  while  Neumann  believes  that  this  hA'pothesis  is  not 
sufficient  to  explain  all  the  phenfimena  <it  later  life,  as.  f<jr  example,  the 
rei)la<'iup  of  the  fatty  marrow  ciiutainiug  no  nucleated  red  cells  )>y  hlood- 
forming  lyn]]>hoid  tuarrow,  and  the  fi»rnuitit»n  of  blotKl  in  entirely  newly 
produced  marrow.  He  finds  himself  driven  to  the  assumption  either  that 
adevelopTiiciil  of  tlienneleated  l>hHn!-eells  takes  place  from  the  leucoc>*tes 
of  the  blood  which  aro  cniTicd  to  the  niarr(»w  after  birtli  by  the  arteries, 
or  that  the  ci-lls  ansc  from  the  ti,*sue-clenients  of  the  marrow. 

In  the  incivased  bl(K)»l-forniatioti  wliich  takes  place  after  h»ssof  blood, 
as  well,  als<i,  as  in  s*;vere  chronic  ana'iniiis  and  in  leuca'iuia.  niK-leated 
ivd  blood-cells  occur  also  in  the  circulating  bloo<]  outsi<lc  the  marrow, 
while  under  normal  cotulitions  they  arc  not  found  there.  Tiie  fatty  mar- 
row actiuires  in  this  way  once  more,  in  part,  the  character  of  lymphoid 
marrow,  and  this  transformation  is  completed  by  disappearance  of  the  fat, 
Vty  a  widening  nf  tlie  blood-vessels  with  an  increase  in  their  eonteiits.  and 
by  an  increase  in  tlie  ntimber  of  the  colorless  corpuscles  of  the  marrow. 

Eliflich  •  and  Einh^f^n1  f  distinffiiish  among  the  leueoeyleH  of  the  normal 
blooi] ;  (1)  smnU  hjmphm'tftrs  with  relatively  large  nnclei  that  stain  deeply,  and 
with  little  protoplnsin:  (2)  lartfc  UmphocyUs  with  large  nuclei  that  stain  faintly,  and 
witii  more  protoi>lasm ;  {'A)  moiwnncimt  tramitum  forms  with  irregular  nuclei ;  <4) 
polwiudear  nettlropkilr  leiicftct/tcn  with  polymorphou.s  nuclei,  or  with  several  nuclei 
anil  iicutropbile  grauules  (granulcB  which  Ktaiu  with  a  neutral  ilye,  obtained  by 
mixinj;  acid  fuchwin  with  basic  raetlivl  (rrcen),  these  fimninj;  about  70  i»cr  cent. 
of  all  the  white  cells  of  the  hlood,  and  migrating  in  purulent  inflammations ;  and 
(5)  comnophite  ceilt,  whose  protoplasm  containa  numerous  granules  which  stun 
with  acid  dyes  (cosin). 

*  ZeiUchrift  Jtir  JcUn.  Metl,  i.;  Chariti-AnnaUn,  1884;  Verhtmdl.  tier  PAya, 
QestUsch.  £u  litrlin,  I87S-79;  and  l>fiitjtche  tnfd.  Wochenschr.,  1HS3. 

f  '*  Ueber  daa  Verhalten  der  Lvmphocvten  zu  den  weissen  Bhitkorperchen,^ 
I.-B.,  Berlin,  1884  j  n/.  "  Fortst^hfitt  der  lied.,"  iii. 
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Ac<^ording  to  Quincke,  the  life  of  a  red  blooil-oell  is  probably  about  two  or 
three  weeks ;  but  this  etftirriat^;  Heeiris  too  »niaU  iu  view  of  Ktmie  other  ob8er\*ation», 
which  indieate  that  a  dop  manufactures  about  2(*  grammes  i»f  blood  a  dav.  As 
soon  as  the  red  cells  are  iucapable  of  perfomiinp:  tlieir  function  they  are  taken  up 
by  whit*  blotwl-cells  and  eliminated  from  the  blw>d-current,  and  this  takes  ]ihico 
bv  pix'ference  iu  the  liploou  and  liver  tit,  well  us  in  tJie  tuarri>w  and  lymph-Clauds. 
The  red  oelb  inclosed  in  the  eolorless  cells  (pulp-CHlls,  marrow-cells),  or  their  de- 
(feneration-prfHlucts,  are  cliani^i'd  to  colored  or  colorh'ss  iron  fonipciunds,  which 
may  be  demonstrated  mi<jrochemically  sometimes  in  boluble,  sometimwi  in 
granular  form.  A  part  of  these  iixtn  compomids  is  later  on  taken  up  into  the 
blood  iu  the  splcc'U  and  marrow,  and  probably  abo  in  the  liver^  and  in  used 
Hfraiu  in  the  formatitm  of  new  red  blood-cells.  Another  part  of  the  iron,  on  the 
contrary*  is  excreted  through  the  liver-cells. 

Liiwit  ilistin^iislies  two  separate  forms  of  colorless  blfxtd-corpuscles, 
leucoblasts  and  erj'throblasts,  wluch,  he  thinks,  have  an  entirely  different  mean- 
ing and  do  ni»t  pass  fii>m  one  form  into  the  other.  The  leucoblasts  are  the 
lymphoid  cells  witli  chromatin  arranged  in  lumps,  and  whinh  do  not  sutler 
iiivision  by  mitosis,  but  are  chauired  to  multiuuclear  leucoc\'te3  by  fragmentu- 
tion  of  the  nucleus.  The  erythroblast*  aro  the  colorless  ytmlhful  forms  of  the 
red  bltMid-cells,  which  undei^o  mitotic  dirision  ant!  differ  from  the  lymphoid 
cells  by  the  homogeneous  character  and  aliglit  contractility  of  the  protoplasm. 
He  claims  that  tlie  trans  format  ion  into  cells  containing  liwmoghihin  takes  place 
partly  in  the  blood,  partly  in  tho  marrow, 

Flemming  considers  Lowit  iu  error,  and  claims  that  a  transformation  of 
colorless  erjthroblasts  into  reil  cells  does  not  follow  from  Liiwit's  observations: 
be  callw  iiltenti<m  to  the  fact  that  uuclpate<l  red  cells  are  generally  absent,  and 
that  leucocytes  that  do  not  go  on  to  form  red  cells  suffer  mitotic  divisiou. 
Neumann  also  is  unable  to  agree  with  Lowit. 

Howell  claims  that  the  marrow  contains  numerous  colorless  erythroblasts, 
which  change  in  the  marrow  first  into  uuideati-d  red  cells,  and,  later  on,  intx) 
tho  non-nucleated  form  by  extnision  of  ilie  nucteus. 

Hayem  is  of  the  opinion  that  the  red  blood-cells  arise  from  Viiconcave,  non- 
nnoleated  dis<'s,  the  bloo<l-plates,  which  he  accordingly  calls  hn^matob lasts. 
He  considers  that  the  blood-plates  develop  into  colorless  lymph -corpuscles, 
which  are  set  free  from  the  IjTnph  before  they  come  into  the  blood.  Cadet  aud 
Pouchet  hold  opinions  like  the  above,  but  the  latttfr  thinks  that  the  nucleated  rwl 
cells  are  formeil  by  direct  transformation  of  Ieue<K)>*tes.  Malasse?.  thinks  they 
come  from  buds  from  nucleated  cells  of  the  marrow,  According  to  Denys,  with 
whom  also  E.  U,  Ziegler  agrees,  the  red  corpuscles  have  a  peculiar  origin.  In 
birds  they  are  formed  from  the  wall  of  the  venous  capillaries  of  the  bone-marrow, 
which  have  a  germinal  area  for  red  ceils,  in  the  aliape  of  a  cellular  coating  of 
many  layerM,  which  gives  up  into  the  blood-stream  cells  which  then  come  to 
oontaiu  ha-moglobin. 

Fok  and  Salvioli  advance  the  h^othesis  that  the  large  cells  of  the  marrow, 
with  central  lobulated  nucleus,  produce  red  cells  by  the  development  of  a  bud 
from  the  nucleus,  which  comes  to  be  surrounded  bv  hyaline  substance,  then  is 
constricted  off,  and  tiuuUy  comes  to  contain  hfemogjobin. 

§  1)3.  The  new  formation  of  transversely  striated  muscle-fibres 
starts  fi*oii»  portions  of  old  innsele-fibre ;  and  if,  aft*>r  iiijtir>-  to  a  mtiscle, 
the  jntemiusciilar  cnnuective  tissue  goes  on  to  active  growth,  it  forms, 
later  ou,  only  connectivt^  tissue,  or  probably  also  the  t;ur<M>len»iiu  of  the 
new  fibres,  but  never  new  coutniL'tile  mascle-ftbres. 

After  injury  of  a  muscle,  tlie*  tirst  signs  of  formative  activity  ap|)e-ar 
iu  the  inuwie-iiuclei.  These  stret^-h  out  lengthwise  and  theu  (Steudel, 
Nauwenk)  divide  into  n  varying  nuTnl>er  of  pieces.  Already  on  the  second 
day  mitotic  division  of  the  nuclei  may  begin  (Fig.  141,  «,  ii),  which  seems 
to  be  the  only  way  iu  which  the  tissue  mtUtiplies;  and  under  favorable 
conditions  thi^;  takes  place  quite  actively  iifter  the  second  dny. 
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The  i)eha\ior  of  the  contractile  sulwlnuce  of  the  muscle  differs  very 
materially  according  to  the  nature  and  extent  of  the  injun*.  In  the  case 
of  traumatic,  as  well  a.s  of  toxic  and  ischemic  injuries,  it  suffers  fnii^- 
mentation  int<^»  larger  and  smaller  p«»rtions,  so  that  the  muscle^'eUscome 
to  lie  in  spaces  of  variuns  sizes  in  the  midst  of  the  debris  of  the  nmscle- 
flbres.  Crushing  and  tcarirj*;  can  hring  ahout  a  wide  st^paration  ()f  the 
parts  of  contractile  substance.  Tlic  ends  of  the  pieces  of  tibif  then  be- 
come sometimes  jH»intcd,  somi'tinics  obliiiue.  tninsverse,  or  with  irr«'jj;ular 
edges.  Not  infrfipu-ntly,  a!so,  after  a  short  time,  the  ends  become  split 
into  sevei-al  pointe<l  lilanients  (Fig.  141,  a). 


FlO.  141. — Portion!*  of  ojUMcle-fihrt*.  from  wounds  of  muscle  at  various  stiijfCB 
of  regenerative  growth.  «»  Pointed  ends  of  a  mnwle-Hbre  with  nuclear-dnn- 
sion  ngores,  three  days  after  being  toru  across;  />,  Proliferated  muscle-nuclei 
transformed  into  celU  rich  in  protoplasm,  of  which  one  is  in  process  of  mitotio 
division;  c,  Piece  of  a  muscle-fibre  eighi  days  after  tying  across  a  musele; 
d,  Uiaiit  cells  which  inclos**  a  necrotic  jiiece  of  mustrle,  from  a  muscle -eio-atrix 
twenty-six  days  old;  e,f,  Muscle-Ahres  ending  in  masscH  of  protoplasni  (nnia- 
ole-buds) — e  from  a  ten-days-<>ld,  /  from  a  twenty-oiie-tlays-uld  eieatrijc ;  g^ 
Muscle-nhre  dividing,  from  a  forty-thn-c-days-ohJ  cicatrix.  (Pi-eparations 
hardened  in  Flemiiiinir's  acid-iuixture.  stained  with  safranine,  and  mounted  in 
Canada  balsam.    Magnified  ifiO  diameters.) 


TlieniitoHc  division  of  the  mnscle-nnclcus  takes  place  not  only  in  the 
case  of  nuclei  that  rest  upon  living  tibres  (a),  but  also  in  the  mus<'le-<;ell9 
(6)  lying  free  in  the  sjmces  between  the  fibres  that  have  sepai-ated  from  one 
another,  and  is  foHowed  in  both  eiises  hy  the  development  of  large  mul- 
tinuclcar  cells,  which  lead  t+i  the  fonnation  of  multinuclear  protoplasmic 
masses  on  the  ends  of  tlie  nniscle-flbrcs  {f.^f),  as  well  as  in  the  body  of 
the  fibres  (r).  Between  tliese  an*!  thi^  transverwly  iitriatt'd  mnscle-suli- 
etarice  tlierc  is  no  sharp  line  of  demarcation.  There  oeeui-s.  therefore, 
ivith  mifJtipfication  of  the  nueh'i,  a  (jrowth  of  the  sarrnpJusm  «/  thf  nmsrh- 
Ji(»rs,  itiut  this  htronns  rhnrty  vUiiiie ;  and  it  is  probable  that  the  muscle 
librilhc  also  may  suffer  a  transfonnution  again  into  sarcoplasm. 

The  inusclc-cclls  that  ai*e  not  connected  ^vith  living  contractile  sub- 
stAnce  biH'ome  transformed  into  larfff  epithelioid  cfVs  with  a  la}fff  mtclfnts 
(6),  which  again  is  changed,  by  coutiuued  nuclear  di\isiou,  into  mnUi- 
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nuclear  masses  of  pvotophisin  (d) ;  nnd  a  cicatrix  of  from  eight  to  thirty 
days,  consisting  of  {yntwiiijr  connective  tissue,  may  possess  such  ^aat 
ceUs  iu  large  number,  which  often  i-outaiu  {ii)  debris  of  the  old  fibres. 

The  new  mttsch- fibres  are  (Uvthpet}  from  the  sarcopfasm  ruh  in  nuclei 
which  apiKiars  in  the  conlinuity  and  at  tli*-  cnd.s  of  the  muscle-fibres, 
aiul  is  associated  with  the  fornuititju  of  utuucnius  hir«,'c  nuclei ;  and  by 
it.s  incrcaji**  in  bulk  it  tVimis  a  ^;:rowtli  in  the  mns<*k',  which  lias  been 
called  hinhformativn  by  Xcumann.  With  the  transition  of  the  sai*co- 
plasni  into  musclc-fibrilla'  tluTc  appi'urs  ^^nuhudly  ii  longitnditiid  aud, 
later  on,  also  a  transvei-se  striation,  an  indication  that  the  organic  struc- 
tnre  of  the  plasma  has  completed  iU  development  iu  the  way  charac- 
teristic of  muscle. 

The  pfi'eater  part  of  the  mtisrh-eeUs  ijrowimj  without  connection  ivith  lic^ 
iiiff  iniisrlf-Jiftrfis  die.  Yet  it  must  Ik?  noted  that  they  last  a  long  time,  so 
ihnt  ill  nnuiy  luuscle-cu'atrices  of  ei^ht  to  forty  days  one  cau  often  find 
large  uunibci's  of  musses  ol  protoplasm  rich  in  nuclei,  which,  under  some 
circumstjinces,  may  form  lt>u^  rontiiunms  bntHls  ov  whole  rows  of  8ei>a- 
rate  pieces  of  protoplasm.  There  is  also  no  iloulit  that  a  part  of  these 
ceils  are,  under  favorable  cireunistauccs,  trunsfonucd  into  transversely 
sti-iated  niusclc-substrtiicc ;  and  this  occurs  either  by  the  fomnition  of 
iudependcnt  new  iriuwcle-libres,  or  by  union  with  old  niusulc-fibres  or  mua- 
ele-buds.  According  to  Volkmaun,  the  nou-coutiniious  muscle-gi-owth 
tjikcs  place  by  jii-rforrTice  when  the  contractile  ^^ubstiincc  is  destroyed, 
without  destruf.'liou  of  the  protoplusiu  itself — for  cxaiii[>le,  in  typhoid 
fever — while  the  buddiug  is  observed  after  cutting  through  of  the  muscle. 

The  liuds  springing  fi-oni  their  euds  or  from  their  siilcs  may  form  a 
siuiple  prolongation  t>f  the  miisele-libre,  fretiuently  4levi!!iting  fr<tm  its 
origiual  direction  (/).  Often  there  t>ccur  fibres  split  up  inti>  two  or  three 
l>arts  (</),  so  that  the  old  fibres  braneli  as  they  pass  into  the  muscle-scar. 
As  far  as  we  know,  this  spliUing  up  4»L'curs  very  eaj*ly — often,  indeed  (u), 
l>efoi*e  the  proliferating  muscte-nuclci  have  foruied  much  sarooplasm — so 
that  the  proliferation  ajipcars  first  in  the  prtiduets  of  the  tJivision  of  the 
fibres.  As  a  result  of  tfiis  lissioii.  cicatrices  iu  muscle  often  conlaiii  A 
larger  number  of  muscle-fibres  than  wei-e  origiiuilly  present  in  tho  ao-ea 
in  qiicstum. 

The  regeucmtioi!  uf  imiscle-tissue  after  injury  requires  favorable  con- 
ditions as  (or  as  uourishmenL  is  coueerned.  Aelive  inflanmiatory  pro- 
cesses hinder  it.  thi  the  contmry,  ncr\*c-influenccs  arc  not  essential  to 
it.  and  ('onseipiently  it  takes  place  even  if  the  cori'esponding  nerves  are 
destroyed. 

Hypertrophy  of  striated  muscle  takes  place  by  enlargement  of  the 
separate  niusclr-tibrcs,  and  yet  a  lU'oIiferation  of  the  fibres  may  also  be 
Hssociuted  with  tliis. 

A  new  development  of  cardiac  muscle  seems  to  occur  only  to  a  very 
limited  extent.  To  br  sort*,  after  injuries  to  the  heart,  nuclear-division 
fiirures  may  appear  in  the  inusele-cells.  Nevertlieless.  even  after  a  few 
days,  these  can  no  longer  be  demonstratetl,  and  tlie  wound  lieals  with 
orditiary  st^ar-tissuc.  Foci  of  degeneration  of  the  cartliai"  muscle  heal  in 
the  same  way  by  cicatricial  connective  tissue.  If  the  heart-muscle  is  for 
any  reason  nypertrophied,  this  increase  in  size  takes  place  by  eidarge- 
nit'Ut  of  the  musi-le-irlls;  whether  or  not  a  proliferation  of  the  etdls  idso 
is  present  is  not  yet  positively  kiidwn. 

A  new  formation  of  smooth  muTcle  occurs,  as  does  regeneration, 
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after  traumatic  or  toxiv  niitl  isehtemk'  dygeuf/ralioii.  It  oufun*  also  in 
liypertrophie  new  fonnatiuii  of  iiiuscie-tissne — t'oi*  example,  in  tuiiKtrj* — 
aii<l  is  iiiitiatCHl  l>y  a  initotir  division  of  the  iiuolei  uf  the  riiu.seltM'enH, 
wliiuli  is  followed  by  cell-di^'ision.  Accordiug  to  both  exjjeriitieiit^d  work 
and  obsen'ations  npon  rlie  niiisele-tissues  of  man,  the  reprt)dui'1ion  of 
the  fibres  is  slight,  while  after  injuries  and  focal  defeneration  it  ceases 
again  after  a  short  j^eriiHl.  Thus,  for  example,  defect*!  in  the  mnsi'ulariH 
of  the  st4)maeh  and  int<*stine  or  of  the  bladder  are  repaii-ed,  for  the  most 
part,  on)y  l»y  connective  tissue.  New  niuscle-tiRsue  probably  arises  only 
from  ohl  nmsele-tissne. 

Hypertrophy  of  the  smooth  muscle-fibres  is  a  phenomenon  which, 
within  certrtin  liinit.s,  very  often  ot'curs.  In  the  p-avid  uterus  the  size 
of  the  muside-ei^lls  reaehes  five  to  t4?n  times  the  ordinary.  Of  the  other 
organs,  the  bhulder  most  often  shows  a  considerable  h\'pertro])hy  of  its 
fjmootlt  nuiscle. 


§  94,  Regenerative  new  formation  of  the  nerve-elements  of  the 
central  nervous  system  by  new  formation  of  sfanglion--cells.  txa  far  aa 

is  kuowu.  d<M'8  not  occur  in  nuin  and  nnifnriials  in  post-einijrvonic  life. 
After  injuries  or  focal  lesions,  to  be  sure,  nuelear-di\'ision  tigiires  may 
appear  in  neighl>orinjir  ganglion-eelLs.  but  these  do  not  seem  to  lead  to 
cell-division  and  new  formatiim  of  ganglion -eells.  According  to  the  in- 
vestigations of  Stroebe,  on  the  contrary,  divided  nerve-fibres  nnjy  grow 
somewhat  lengthwise,  and  this  holds  good  for  the  fibres  of  the  j)yramidal 
tract  and  of  tin-  jMJstrricfr  roots,  both  of  whirli,  iiflrr  being  cut  through, 
prow  out  into  the  ei<_'fitnriid  tissue  wliieh  develops  at  this  point,  the  former 
in  a  downward,  the  latter  in  au  upward  direction.  Hut  a  comiilete  res- 
toration of  the  nerve-tissue  does  uot  oecur,  and  a  traumatic  defect  in  the 
spinal  coi-d  is  reidly  replaced  by  eoiinective  tissue,  jiartly  by  neunigUa. 
It  is  uot  yet  known  whether  the  loss  of  separate  nerve-fibi'es  of  the  bniin 
and  spinal  cord  may.  under  favtu-aljle  eirenmstanees,  l>e  entirely  r«'.stored 
again  by  the  growing  out  of  the  axis-eylinders — for  instance,  it  the  sup- 
porting tissue  be  left  intact. 

Regenerative  and  hypertrophic  g:rowths  of  the  neurojc-lla  are  phe- 
noniena  whieii  fre<jueutly  (tecur  in  morbid  atTecti^uis  id"  the  nervous  s^'s- 
tem,  and  either  follow  olosc  n|wjn  degi^ncrative  ehangrs  in  the  nervous 
elements  or  upon  destniction  of  the  in'urijglia  itself,  or  they  ajipear  ^^'^th- 
out  such  antecedents,  and  then  take  their  origin  jmrtly  in  the  period  of 
development.  They  lead  to  a  midtiplieation  of  the  spider-  and  bi*iish- 
cells,  and  at  the  same  time,  also,  to  an  itH-rciisc  in  the  fil)rillary  eh'iueuts 
of  (he  Huppfjrtiug  tissue,  and  under  some  eiimmstauccs  a  thick  feltwork 
of  fine  fibres  (sclerosis)  may  l>e  formed  which  no  longer  contain  any 
nerve-eleuicnts. 

Regenerative  new  formation  of  the  nerve-fibres  of  the  peripheral 
nervous  system  oecnrs  very  often,  and  is  present  in  all  those  cases  in 
which  the  continuity  of  a  nerve-fiilnv  is  intjcrrujitcd  or  partly  destrt>yed 
by  imy  influences  wlmlsoever,  Vov  lis  accomplishment,  however,  it  is 
ueceswiry  that  the  ganglion-cell  whose  process  forms  tlie  nerve-fibi-e  in 
question  be  preserved. 

If  a  nenc  has  been  divided  by  cutting,  the  axis-cylindei-s,  as  well  as 
the  meilulbtry  sheaths,  in  the  distal  portion,  undergo  degeneration,  in  tlie 
coui*se  of  which  the  sheaths  break  nj)  into  granular  debris,  which  is  later 
on  absorbed.     During  the  destruction  of  the  nervc-fibre.s  the  nuclei  situ- 
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ated  beneath  the  sheath  of  Schwann  go  on  to  grow  with  Uie  formation 
of  mitoses,  and  form  cells  rich  in  protoplasm,  which  may  take  up  into 
themselves  the  pnKlncts  of  thi-  drstnictiou  of  the  ner\'('-filn**s  (Stroel»e). 

Of  the  central  portion  of  the  nerve  only  the  periphernl  f^xtremitj*  de- 
generates, up  to  the  next  Hanvier's  node,  or  the  next  hut  one. 

The  regeneration  of  the  uerve  begins  a  few  days  after  the  operation, 
in  the  proximal  portion,  and,  indeed,  w^'onling  t^  Hanvier  and  Stn^ebe, 
in  the  veiT  neigh i)()rh(iod  of  tiie  incision;  accoixiing  to  Vaiilair,  on  the 
contrary,  at  a  distance  of  fi-om  1.5  t^j  2  om.  from  it. 

The  first  change  consists  in  a  swelling  of  separate  ax is-cyl indent  in 
the  peri]»iieral  parts  of  the  nerve-bundles  of  the  central  i>oi-tion,  which  is 
latcf  on  followed  by  a  sjilitting  off  of  from  two  to  five  or  more  new  axis- 
cylinilern.  Tiie  new  axis-cylinders  aritsing  from  the  sjilitting  up  of  the 
nltl  ones  gi*ow  in  a  longitudinal  dire<'tion  (Fig.  142,  a,  h),  and  fonu,  within 
the  sheath  of  Schwann,  whole  bundles  (Fig. 
142,  r,  and  Fig.  14;^,  f)  of  new  nerve-fibres, 
whicli  for  the  most  part  fill  the  entire  lumen 
of  the  old  nerve-tubes,  and,  indei-d,  streteh 
it.  and,  more  rarely,  also  inelose  leinnins  of 
the  old  fibres  (Fig.  143,  /).  Atrordiiig  to 
Vaidaii-,  they  may  even  bre?uk  tbvongli  the 
oM  sheath  of  Scliwaim,  ami  then  either  go 
on  further  in  the  endonenriuui,  or  push 
through  the  perineurium  of  the  nerve-bun- 
dles into  the  epinenrinm. 


%. 


Fio.  142. — Old  and  newly  formed  nerve- 
fibres,  from  an  amputation  stump,  in  longitudinal 
section.  «,  6,  Old  uerve-Hbrus,  from  wliieli  hbv- 
eral  young  nerve-filires*  have  gi'owu;  r,  Keuri- 
lemma,  with  voung-  ner\'e-fibreB.  (Preparation 
hardened  iii  Midler's  fluid,  Ktained  by  Weigert'.s 
method  (medullary  shoath  stained  hlaek),  and 
mounted  in  Canada  baUam.  Magnified  200  dia- 
uiet«ra.) 
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In  this  way  thert*  arc  formed,  nn  tht^  lower  end  of  the  proximal  portion 
of  the  nen'e,  a  large  number  of  new  nerve-fibres,  which  originally  con- 
sist only  of  the  newly  formed  Hxis-eyliiiders,  but  immediately  (Stroebe) 
surround  themselves  with  a  ntedullary  slieuth  which,  by  reason  of  the  ir- 
regularity of  its  dcveloimient,  giv4*s  Ui  the  nerve-fibres  a  varicose  appear- 
ance (Fig.  142,  r).  Later,  the  fibres  acipiire  a  neurilemma  sheath — that 
is  to  say,  a  connective-tissue  shell,  which  probably  is  formed  from  the 
nerve-oorpiLscJes  coneenicd  in  the  growth. 

If  a  nerve  is  entirely  severed,  anil  with  no  pi>s»ibility  of  a  union  of 
its  ent  ends — im,  for  cxamjde,  o('cni*s  in  all  amputntions  of  extremities — 
then  there  is  develoj^ed  in  the  region  of  the  cut  einl  a  germ-tissue  spring- 
ing from  the  eonueeti\  e  tissue  of  the  nerve,  which  later  on  changes  into 
connective  tisstie.  Originally  free  from  nenes,  this  connective  tissue  be- 
comes ti*aversi'd  byytmng  nerves  which  grow  out  from  the  nei-ve-stnmp, 
ami  whieh,  arranged  in  small  bundles,  or  seattered,  grow  into  the  cica- 
tricial tissue  and  pierce  it  in  even'  diivetion  (Pig.  144).  Often  the  growth 
of  nerves  is  .S4»  extensive  that  knobdike  or  dubbed  swellings — Inm^m  as 
ampufniion  neuromata — arise  on  the  ends  of  the  ueives  (Fig.  1441. 
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If  a  nerve  is  divided^  but,  aftvr  tlie  divisiou,  has  been  aguin  united,  or 

if  the  division  lias  beoii  ineomitlft^,  th<i  ner\'p-flbrPH  whi<^h  jn*«w<>ut  from 
the  pi'oxiiiittl  jK>rtion.  pit'Vuirig  thwugh  ilie  ooimectivf  tissne  which  is 


Fig.  143. 


Fitr.  144, 


:^, 


Flo.  143. — Cross- swtion  of  a  nerve-bundle 
of  the  median  nerve,  just  above  a  wound  made 
four  mouths  |neviout>Iy.  n,  Perineiuium  j  b, 
Etidoneurium ;  c,  CroHtf-Heotioii  of  a  vessel; 
rf,  (lid  nnc'han{fed  Ht*rve-fihi-e ;  f,  Hnndle  of 
newly  formed  npn'e-flbreB ;  /,  Kewly  formt .' 
nerves,  with  rbmains  of  the  old  fibres  insi<i: 
thi'  Hume  sheath.  (Preparation  hai*d(.'tied  io 
Miiiler's  fluid,  stained  with  neutral  enrmine, 
and  mouuted  in  L'nnAda  balsam.  Magnilieil 
200  dinmeters.) 

Fk».  144.— Amputation  neuroma  of  -^cialic 
nerve  in  lon^hidinal  section  (ami>utation  of 
the  nerve  nine  years  before).  «,  Xerve ;  ft. 
Neuroma.  (From  a  prepuration  hardened  in 
Mtiller*s  Uuid.     Magnified  3  iliameten;.) 
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formed  iu  the  noijihlMirhood  of  the  wound,  may  in  part,  or  all.  find  their 
way  into  the  peripheral  portion,  when.*,  in  the  nientiwliih',  the  nerve-Hbrefi 
have  perished. 

Acconliniiir  to  the.  invostipftHons  of  Vanlnir,  the  prowth  of  a  nerve  in 
process  <if  reffeneration  amounts  to  0.2-1.0  mm.  per  day,  ac«;ordinjr  to 
the  nature  of  the  tit^sut*  in  whieh  it  lies.  Siiiple  youn^r  nen'e-fibres  may 
bun-ow  info  the  old  empty  sheaths  of  Si^hwann  (Vanlair).  but  the  major- 
ity of  tliem  piv]N<i  into  the  epineuriuni  (Vanlair)  and  perinenriuni.  and  in 
tills  situation  gii>w  t<tward  tJie  end-or^ns.  Sejwrate  fibres  also  pass  by 
the  ends  of  thi^  lu-rves.  and  jrri>w  toward  the  peripliery  either  nlonp  the 
old  nerves,  or  Iiv  an  independent  nniU*  of  their  ow^i.  Finally,  many 
fibres  wliieb  liuve  left  the  old  route  are  lost  iu  the  tissues.  Iu  the  hjwor 
half  of  the  intermediate  portion  the  nerve-strands  have  abx^ady  be^n 
t4^>  sepnrttte  into  bundles  again,  an<l  with  tt)e  formation  of  a  perineurium 
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about  the  latter,  the  regenerated  nerve  may  ttike  ou  mure  aud  more  the 
structure  of  a  uonrial  ut=i'VL*. 

TlifaUovt'-df  seHLH'd  jirijoessof  ri^^'iMieratiou  tH-quii'cs  for  its  accomplish- 
ment weeks  or  even  iMfitithH,  and  smiietimes  is  ii4it  eouiplete  ewn  after  sev- 
eral inoutlis.  Aeeordiiig  to  Eiehhorst,  toward  the  end  of  Uie  tiivt  month, 
generally,  the  fibi-es  of  the  cotitrnl  tniuk  have  j)ierct'd  the  eieatm.  In 
tiie  course  of  the  third  month,  nsually,  the  regeneration  in  complete. 

As  is  evitleat  fc*nn  Uie  d**»cripf ion,  the  peripht^ral  jmrtiftn  of  a  di^nded  nerve 
is  not  regenerftted  fri>m  itself,  but  is  furnished  with  nen'c-fihres  from  the  central 
portion.  Vaiilair  calls  this  ntitrotuation.  This  prooess  is  reptr-atcd  iu  all  oases 
in  which  a  dj-vided  nerve  is  regenerated,  and,  indeed,  even  if  the  wevered  nerres 
are  muted  uuniediutely,  or  if  only  the  uerve-libres  imd  not  the  c*mnective-tiBKiie 
structures  a  re  dividi'd.  The  differenee  between  tlietwocasfSconsi.st8in  this  only : 
that  in  the  first  inHtnnce  the  young  nerve  has  to  grow  through  a  tolerably  ex- 
tensive area  of  embrytmie  and  cicatricial  tiasiie,  while  iu  the  latter  case  this 
iutennediato  area  is  absent,  or,  at  lea^t,  is  very  thin,  so  that  the  growing  axisr 
cylinders  are  entirely  within  tin?  nerve. 

The  views  of  different  authors  couceniing  the  fonuation  of  axis-cyhuders  iu 
severed  lu^rve-fibres  are  very  diverse.  Waller,  Soliiff,  Kindfleiseh,  Cornil,  Ran- 
^ner,  Eichhorst,  Vanlair.  huiI  others  believo  lluit  it  oeeura  throngh  a  longitudinal 
lission  of  and  an  ont^niwtfi  I'rojn  the  old  axis-cylinders  of  the  central  portion. 
According  to  Philippeaux,  Vulnian,  Reinak,  Leegavd,  Neumann.  Dobbert,  Dasz- 
kiewicz,  and  others,  the  new  flores  originate  in  the  peripheral  eml,  and,  indeed, 
according  to  Lcegard,  from  the  nuclei  of  the  neurilemma  :  acoonluig  U>  Remak, 
by  lon^tudiual  diWsion  of  the  old  axis-cylinders  that  have  remained  intact; 
according  to  Daszkiewicz,  from  tbe  remains  of  the  old  nxis-cylinders  broken  up 
trnn5\'ersely ;  according  to  Neumann  and  D<»bbert,  from  a  protoplasmic  mass 
which  has  dBveloi>ed  iu  advance  by  a  chemical  metamori>hosis  of  the  medulla 
and  the  axis-eyhuder.  According  to  Cattnni,  new  axis-cylinders  develop  in  de- 
generated nerves  iu  the  interior  of  a  nacleated  protopUsmic  mass  which,  in  the 
degenerated  Abres,  Hlls  the  slieatli  of  Si'hwanu. 

Nasae,  Giinther,  Schon.  and  Steinbriick  claim  that  the  axis-cylinders  origi- 
nate from  the  old  flbres  of  both  ends  ;  Leut,  Eiusiedel,  Weir  Mitchell,  Beueke, 
Gluck,  and  von  Hi^u^er,  that  they  eonie  from  the  nuclei  of  the  sheaths  of 
Schwann  of  both  portions;  while,  according  to  havcran  and  Ilerz,  thev  spring 
frnra  white  blood-corimscles  ;  fluallVj  Hjell  and  Wolberg  think  th»-y  arise  fj-om 
the  cells  of  the  perineurium. 

Those  authors  who  are  of  the  opinion  that  after  nerve -division  the  axis- 
cylinder  in  the  peripheral  portion  remains  intact  assume  also  that,  in  regenera- 
tion, a  reuniting  of  the  central  and  peripheral  axis-cylindei-s  takes  place  by 
means  of  an  iutermediflte  piece.  Wolljerg  holds  that  this  takes  place  by  means 
of  strands  of  spiudle-eells  which  arise  from  the  perineurium.  He  believes, 
however,  that  aUo  a  healing  by  t^rst  intenLton  is  possible,  in  tlie  sense  that  the 
eut  surfaces  of  severed  axis-cylinders  ami  sheaths  of  Schwann  are  immediately 
tmited. 

According  to  my  observations  upon  regenerating  nerves,  the  prx>ce»8  of  re- 
generation as  it  is  above  described  is  firmly  estabUshed.  I  am  supportetl  partly 
py  my  o\vn  observations,  partly  by  those  of  Stroebe,  whose  admirable  prepara- 
tions, in  my  opinion,  admit  of  no  other  interpretation. 


Ill,    Metaplasia  of  the  Tissues. 


§  95.  By  metaplasia  of  a  tiivsne  is  understood  a  process  by  which  an 
altHnhj  coiuphfelff  fonueil  titttue  w  irnumformed  htto  anotlier  without  a  cellu- 
lar intermediate  stage — that  is,  an  eiiiliryoiiic  tissue  or  formative  tissue. 
Suoh  ft  transformation  occurs  only  in  stnictures  that  are  closely  relale<l 
to  one  anidhcr,  HSpocinUy,  therefore,  in  the  e»>niiective  tissues.     In  this 
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group,  under  pjitliological  oondirioiis.  all  the  forms  may  be  transfnrmedi 
one  into  auotlier  without  the  HpiM^ai-anoe  of  any  intermediate  growth — a 
{thenomenou  whieh  is  not  stai-tling.  for,  indeed,  it  occurs  normaUy.  If 
uiu4;oiis  tissue  in  cliangL'd  to  adiiio.'^e,  thon  the  t^tar-sliaixxl  tisHue-celU 
change  to  ivnuid  adipOKe  eelJs  >)y  t«king  up  fat,  while  the  mueoiis  Wsp- 
ment  snhstiinee  disnp|H*ars.  In  tlie  same  way,  lymphadenoid  tissue,  after 
dhinpjM^aitmce  of  the  lympliatic  elements,  may  change  ti>  adijtose  tissuo 
by  the  taking  up  of  fat  in  the  fells  of  thn  retieulum.  The  eellolar  and 
gijlatinomi  bone-marrow  also  behaves  in  tl»e  same  way. 

By  disaikpearance  (»f  the  fat,  adijMjKi'  riKsue  may  tiiko  on  tl»e  appear- 
ance of  mucous  tissue,  and  at  times,  also,  may  contain  nuclei.  If  the 
basement  substance  of  hyaline  cartilage  becomes  tiiiid,  so  as  to  form  a 
mtmilagiiKMis  jelly,  or  if  it  l>ecomes  completely  dissolved,  then  the  carti- 
lage-cells (Fig.  145,  a)  set  free  in  this  way  change  to  stellate  celk  ono^ 
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Fig.  145.— Metaplasia  of  cartilage  in  reticular  tis!>ue,  iu  arthritis  fiuiimMu 
a.  Hyaline  eartilagt^;  6,  Tissue  consisting  of  hi-anchiug  cells;  c,  i'lirtilajje-colU 
set  free  hy  Hi>lation  <jf  the  rartilaen  basement  subslauce  and  passing  over  iiito 
inucous-ti)4sue  cells.     'Maguified  4b0  diameters.) 


tomosing  with  one  another  (r,  6),  so  that  a  tissue  is  formed  which  C4>r- 
resjHjuds  iu  {{a  structure  to  mucoid  tissue  or  to  the  reticular  ti&sue  of 
bone-marrow.  By  taking  up  of  fat  the  latter  may  become  adipose  tissue 
by  storing  up  of  nmud  cells  in  its  meshes  it  becomes  cellular  marrttw- 
t  issue.  Lf  the  basement  substance  <tf  hyaline  caKilage  becomes  tibrtius. 
anil  if  it  changes  at  once  to  a  glue-producing  material,  then  conntrtivc- 
tissnc  <:ai*tilage  is  produced,  If  the  cartilage-cells  lose  their  charact^'Hslic 
uature,  and  if  they  Ix'conie  flat  connective- tissue  cells,  then  the  ciirtilage 
ohnugt*s  into  ordinary  connective  tissue.  | 

If  |M>rtions  of  the  cartilage  change  to  meilnllarv  tissue,  then  other  parts 
of  it  may  at  the  siime  time  be  tninsfornu'd  into  bone,  in  whicli  ease  the 
basement  substance  is  changed  into  a  gelatinous  matenal  and  impreg- 
nated with  limc-8al1s,  while  the  caHilage-cells  ai-e  tnmsformed  into  lK>ue- 
cells,  in  the  neighborhood  of  whidi  the  basement  substance  of  the  bono] 
fornitt  the  Iwne-corpuscles.     If  connective  tissue  changes  dire<!tly  iiitoj 
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bone  (Fig.  146),  then  in  the  first  place  a  condensation  of  the  basement 
substance  (6)  takes  place,  and  later  on  a  storing  up  of  lime  (c),  in  the 
course  of  which  the  connective-tissue  cells  {d)  come  to  lie  in  indented 
spaces  or  bone-corpuscles  and  become  bone-cells  {di). 

Pig.  146.— Bone-formation  from  con- 
nective tissue.  Cross-section  through 
a  bone-trsbecnla  in  process  of  forma- 
tion from  an  ossifying  fibroma  of  the 
periosteom  of  the  upper  jaw.  a,  Con- 
nective tissue ;  6,  ThicKened  tissue,  form- 
ing the  groundwork  of  the  new  bone; 
€,  Lime-deposit;  dj  Connective-tissae 
cells:  dij  Bone-corpuscles.  (Prepara- 
tion hardened  in  alcohol  and  cut  with- 
out decalcifying,  stained  with  hsema- 
tozyhn,  and  mounted  in  Canada  balsam. 
Magnified  200  diameters.) 

If  connective  tissue  is  to  be  transformed  into  mucous  tissue,  then  the 
fibrillte  disappear,  and  there  appears  in  their  place  a  gelatinous  mucus. 
If  numerous  lymphatic  round  cells  establish  themselves  in  a  fibrillated 
connective  tissue,  and  if  at  the  same  time  a  breaking  up  or  a  disappear- 
ance of  the  connective-tissue  fibres  takes  place,  while  the  connective-tis- 
sue ceUs  persist,  and  unite  to  form  a  reticular  tissue  by  the  development 
of  processes,  then  in  this  case  a  lymphadenoid  tissue  may  be  developed 
from  it 

Metaplasia  of  connective  tissue  is  to  be  distinguished  not  only  from 
simple  degeneration,  but  also  from  the  processes  of  growth.  From  the 
former  no  new  tissue  arises,  but  the  old  tissue  perishes.  In  the  latt«r  it 
is  a  question  of  a  new  tissue,  rich  in  cells,  and  taking  its  origin  in  eell- 
di\-ision.  Metaplasia  stands,  in  a  certain  sense,  midway  between  the  two. 
A  new  tissue,  to  be  stire,  is  formed,  but  cell-growth  is  not  present,  or  at 
least  is  a  minor  matter. 

In  many  ways  the  process  is  allied  to  the  retrogressive  changes ;  for 
example,  the  change  into  mucous  tissue  is  a  pi-ocess  very  similar  to  mucous 
degeneration.  Moreover,  the  new  tissue  is  not  infrequently  a  perishable 
one.  On  the  other  hand,  one  often  enough  observes  developmental  pro- 
cesses following  upou  metaplasia.  Sometimes  the  condition  of  the  blood- 
vessels has  the  greatest  influence  upon  the  subsequent  course  of  events, 
since  a  good  vascular  supply  for  the  tissue  suflfering  metaplasia  favors  a 
further  development  of  it,  while  its  absence,  on  the  contrarj',  encourages 
retrograde  metamorphosis. 

In  mucous  membranes  the  seat  of  chronic  inflammation — for  example, 
of  the  uterus  and  the  respiratory  tract^ — it  not  rarely  happens  tliat  the 
cylindrical  epithelium  in  places  changes  to  pavement  epithelium,  a  phe- 
nomenon which  is  known  as  epithelial  Metaplasia.  The  transformation 
takes  place  in  this  way :  the  regenerating  epithelium  changes  its  char- 
acter after  repeated  loss  of  the  original  epithelium.  In  the  stratified 
pavement  epithelium  of  a  mucoxis  membrane,  moreover,  a  horny  degen- 
fration  of  the  upper  layer  of  cells  may  take  place,  and,  indeed,  not  only 
in  situations  which  normally  possess  pavement  epithelium — for  example, 
in  the  urinary  passages — but  also  in  those  where  it  has  developed  patho- 
logically, as  in  the  nose  and  uterus. 


SECTION  YT. 

Inflammation  and  the  Associated  Processes  of 

Repair. 

I.  Acute  Inflammation  and  its  Various  Forms. 


4  9C,  Inflammation  is  t*sst*ntiiilly  ii  local  tissue-degeneration  com- 
bined with  pathological  exudations  from  the  blood-vessels,  faus^d  by 
some  injurious  agcni'v.  with  wlik-h  arc  a^s^K-iated,  soiuetinies  earlier,  tiome- 
times  Inter,  tis.sitf-fn'f')i/er*itio»s  leailiti^''  to  regHiieriiti<tti  *tr  to  hypertroithy. 

Ill  aeiitr  inttannnation  the  i-xudation  is  ^^oiiei-aliy  nssoeiatotl  with  a 
pnniouueeil  iiypemMriift,  wliich  he^niis  even  before  therxiidalicm.  aiul  in- 
trodupes  it.  As  a  result  of  the  eombiuatiou  of  liypei-a^mia  and  exudation. 
the  inMjiMird  tissue  is  jvddened  and  swollen.  If  it  is  sitinitrd  im  tW  snrfaee 
of  the  Vmily,  whei*e  the  tisjsues  aiv  cool,  the  inere.i-sed  supply  of  warm  blood 
from  the  deeper  parts  produces  loeal  inen.'ase  of  temperature.  If  the 
tissue  eontftius  sensory  uerves,  the  sensation  of  |min  sets  in  at  tbe  same 
time  with  the  e]mnp.Mi  eonditions  in  tlic  iuiliiiiird  nrea. 

Redness,  swelling,  increased  heat,  and  painfulnessof  the  inflamed 
tissue  ari'  phi-uomriiM  vvlii'Oi  cvm  in  aiitiijuity  thi'  physi<'ians  n-pirdcd 
}us  sijfus  of  intliiitimatiifu  :  and  rubor,  tumor,  calor,  and  dolor  wvv*-  drs- 
ij^naled  by  ( Vlsus.  at  Ihe  bt^jriiiiiintr  ot  iiur  era,  as  the  cardinal  symptoms 
of  inflammation.  Tn  the  four  was  then  addeti  a  still  furtiier  sj^inptom 
— functio  Issa,  altered  function  of  tlie  inHaincd  tissui'. 

The  causes  of  inflammation  nuiy  be  attributt'd  to  tmrfianirfil.  ihenitie, 
eiertriraJ,  or  rhfuiical  artious,  and  also  to  the  infiufhtr  ttf  parasites.  It  is  a 
common  eharaeteristie  of  all  these  injunous  a^'eueies  to  produce  at  tii>t 
a  local  tisstte'<hf/iHfrfttioii,  which  iu  ti  (urtain  ihijree  of  extrnt  and  of  inffusifif 
h  assofiafed  trifh  tUsturhtuas  of  the  rirruhttion  ami  of  th*'  nisriihir  atrrt  fioii. 
The  cauw.s  of  inHammation  an*  not  specific  injurious  ap^neifs ;  but.  rather. 
every  injurious  agency  irmy  produce  iuHanimation,  if.  on  the  one  hand, 
ita  aetion  is  sufficiently  intense  to  iuduee  certain  disturV»ances  of  circu- 
lation with  tissue-ih'p'nei'atinn.  while  at  the  Niiric  time  it  does  not  act 
strongly  enough  to  destmy  the  tissue  and  st))p  the  cireulntion. 

Most  cauws  of  inflammation  rftu^h  the  human  <irgnnism  from  the  out- 
side, hut  ex^it^nts  of  iuflanimation  may  also  bi'  formed  in  the  interior 
of  the  bcKly.  Bacteria  whiidi  have  penetrated  into  the  tissues  very  often 
produce  at  first,  from  the  substancH's  jirescnt  in  the  iKxly,  product-s  whose 
a<*tion  intbiees  itiHamuiariou.  Then,  morvitver,  sul>stanees  that  excite  in- 
flammalion  can  develop  in  the  organism  even  witlutut  the  aid  of  par-asites ; 
for  example,  if  tissues  die  in  large  masses  f»-om  any  cause — e.g.,  as  a  re- 
sult of  ischfeinia — i>r  if,  in  cfmsequeuce  of  disturbances  of  the  processes 
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of  attiiiiilation  (gout)^  abnormal  products  of  meUibolism  are  deposited  iu 
the  tissues. 

The  exciters  of  iuttnnjnijition  can  act  upon  the  tiKfiues  both  frfiin  the 
exttn-nal  parts  of  tlit*  IkmIv  and  al»o  from  the  lymiilmtics  aiui  thi*  Iilood, 
and  one  osw  aei'oitliii^ly  dtstin^uisli  ectogennn:^,  li/mphofjfiious,  ami  turma- 
tiHjcnonis  infinmuuxtkms.  Through  the  exttMi.sion  of  inrtanuiiaHoiis  to  the 
ueighboriiig  regions  lljere  arist*  mjiuimmttiontt  hy  rontimtitff;  tlic  transfer 
of  the  producer  of  inrtamniation  from  a  foeiis  of  inflamintition  tlirough 
the  lymph-  or  blood-sti'eani  leads  to  metastatic  inflaminatm^s.  If  noxious 
substances  are  Ji,selim*ged  by  the  excretory  organs,  ercretory  inftammutions 
may  arise. 

Wlieu  a  local  injury  to  tissues  has  reached  sucli  a  degree  as  to  pro- 
duce the  pxudatiim  rimrarterislic  of  iuHituinialioii,  tlien.'  is  usually  pr(*H- 
rnt  a  Congestive  hypersemia,  on  mnjouut  of  whiuh  the  blood  Jlows  with 
iuereiiHe<l  quickness  through  th*!  ililnttHl  rhaunel.  jVftcr  a  short  time 
then*  occurs,  h<»wt'ver,  on  the  i»(1ut  hand,  a  lussL-uing  of  the  speed  of  the 
circulation,  which  ends  in  a  slowing  of  the  blood-current. 

The  first  disturbances  of  the  circulation,  which  tind  their  expression  in 
the  congestive  liypeneinia,  can  be  due  either  to  an  irritation  or  a  ]>araly- 
8LS  of  the  vaso-motor  nervous  system,  or  to  a  direct  action  on  the  walls 
of  the  vessels,  ]tarticularly  those  of  the  arteries,  which  has  as  a  result  a 
dilatatiftn  of  thw  chaunel.  Although  these  very  often  precede  the  iutlnni- 
nuitory  exudations,  they  8till  form  ur)  essential  charact'cristic  of  influnnmi- 
tinii,  but  xwvnv  vcr>'  often  when  an  infiiimmatiUT  exudate  does  not  follow 
them.  The  circulatory  disturbance  fliaracteriHtii^  of  iiifhiirnnation  is 
showni  only  wlicn  the  slowing  of  the  blood-current  and  the  patholog- 
ical exudation  from  the  ves-scls  set  in.  An  has  been  demonstrntcd,  prin- 
cijjally  by  the  researches  uf  I'dhnheim,  Saumel,  and  Arnold,  the  slowing 
of  the  Ijlond-stream  iti  the  widened  I'hannel  and  the  jmthological  exuda- 
tion are  caused  by  a  motti^^rfttion  of  sfntrfnre,  an  alteration  of  the  vas- 
cular walls;  while  this  imluces  both  a  lasting  dilatation  and  an  increase 
of  the  ailhesiou  of  the  blood  to  the  wall  of  the  vessel,  together  with  un 
inn'fu.^f  of  trjiisttiurf  from  frietion,  and  lastly  an  hin'easeti  pemifdbiliti^  of 
the  t'iLsnilar  inilh.  lu  the  capillaries  the  la.sting  dilatation  is  chieHy  the 
result  of  relaxation  of  the  eonnn-tirv  tissite  surroumliuff  them,  while  the  thin- 
ness of  the  capillary  waUs  makes  this  tissue  bear  a  great  part  of  the  pres- 
sure upon  them. 

The  tissue-lesion  which  leads  to  the  phenomena  of  inflammatoiT  dis- 
turbance of  cir<Tulation  and  exudation  affects  generally  ail  ])arts  of  the 
tissue^  but  may,  under  certain  <*onditi(»ns.  be  confined  to  the  viuseuhir 
walls,  particidarly  when  it  is  a  case  of  hirmatogt^uous  inflanunalion,  in 
whicli  the  injurious  agency  nets  from  the  bloo<i.  However,  the  tissue  in 
the  region  adjoining  the  capillaries  must  soon  become  involved  in  associ- 
ated suffering.  The  tiESsue-changcs  which  are  established  by  the  excitants 
of  inflammation  are  sonu^timcs  onlv  transient,  and  not  easily,  or  not  at  all, 
recognizable  even  by  microsCfiiHcal  examination  ;  at  other  times  they  are 
serious,  so  that  they  can  be  easUy  recognized  even  by  ma<*roscopic  inspec- 
tion. The  latter  is  jmrticularly  the  ease  when  a  considerable  time  has 
passed  since  the  o<'can-ence  of  the  damage.  In  the  subsequent  prop-ess 
there  are  often  added  to  the  lesions  established  by  the  causes  of  inflinnnui- 
tion  other  tissue-changes,  which  arc  pioduced  by  the  inflammat4>rv  dis- 
turbances of  circulation  and  by  the  ccdlcetion  of  exudate  in  the  tissues. 

If  in  any  tissue  the  cause  of  inflammati<m  has  led  to  that  alteration 
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of  the  vessels  wliirh  is  the  rccinisito  miU^fedeut  of  tht^  iiifltiniinatory  dis- 
tm*)>ance  of  secretion — i.e.,  thv  fdrniation  of  iiiflutninatory  fxixlate — and 
if  as  a  result  of  this  there  is  alreatly  evideut  a  slowing  cjf  the  hlood-t'ur- 
rt'iit,  the  (.Mreulutiou  in  the  eapillaries  is  perfonund  in  arj  irre(j:u]ar  way, 
tind  tlicre  is  here  and  there  stagnntion,  or  transit-nt  or  |)cnnaneut,  cessiitiou 
nf  ttiiw.  Sim*)',  in  this  events  the  iniioi-Irss  hliHid-rellsof'lfn  remain  attached 
to  the  wiills,  whilu  the  rt^d  Wood-i-orpiisclcs  arc  carriet]  on,  then*  otrcni's  in 
the  capillaries  a  itiorc  or  less  marked  increase  of  tKe  colorless  blood- 
corpuscles  !i*  compared  to  the  re*!.  In  the  veins,  in  wlii<Oi  one  can  distin- 
guish in  the  normal  eireulation  an  axial  red  stream  and  aeell-tess  phisniatiu 
peripheral  zone,  more  av  less  numerous  leucocytes  pass  over  into  the 
peripheral  plasmatic  zone  when  theiv  is  a  iMTtain  dcprce  of  Hlowinj;  of 
thccirt'uiatioM.  Still  trrcutcr  shiwingof  thtM-irciilution  rcsuitis  in  the  piu^s- 
in^  r>ver  of  ldood-]ihites  and  of  n-d  hlood-<-orpuscU-s  into  the  peiipheral 
plasmatic  zone,  und  tinally  the  difference  between  the  axial  stream  and 
peripheral  zone  may  lie  entirely  lost. 

When  leucocytes  ha%'e  passed  over  into  the  peripheral  zone  they  either 
roQ  ak»njj  further  or  attaoh  themselves  to  the  vein-wall,  either  t^l  roll  on 
again  further  after  a  time  or  to  remain  permanently  attached.  If  this 
oi'cmrrenee  leads  U)  a  marked  aeeumulation  of  leneoirytes  along  the  walls 
of  the  veins,  the  appearance  is  called  marginal  disposition  of  the  color- 
less corpuscles  (Fig.  147.  d). 

Related  to  the  accnmidation  of  leucocytes  in  the  capillaries  and  to  the 
marginal  disposition  in  the  veins  is  the  emufnition  of  the  hu<utnjtfn  from 
the  fi'tfseh  involved  (Kig.  147,  J,  e),  and  there  occurs  simultaueouflly  a 
pottring  out  of  fluid  from  the  vessels. 


Fro.  147,— Inflamed  human  mesentery.  «,  Normal  trabecula  of  mesentery; 
6,  Normal  epithBlium:  c,  Small  urterj';  a.  Vein  with  peripheral  ei»lor!eK«  hlood- 
corpuscles 

quamated   epithelium;  /,  Polynuelcar  cell;  jr,   Extravaaated  red  blood-cor- 
pusc'le.     {Osmio-acid  preparatioD.     M&guitied  180  diameters.) 


INFLAMMATORY   DISTIRBANCES  OF  THE  CIRCULATION. 


263 


TLe  emixralion  of  the  colorless  blood-corpuscles  is  an  active  pro- 
cess, whk'h  is  iKTouiplislu'il  l>y  the  aniu*l>oicl  niuvfnieut  of  the  oelln.  ami 
it  also  occiu'j^  iiulcjMiuIoJitly  iimler  iiormul  <'unditions.  Tlie  etnise  of  the 
euonnous  oiitpoiiriniLr,  as  it  is  oltservenl  in  intlnniiiiiitiiniH.  is  doulfth'ss  a 
change  in  the  vessi*l-walls.  whidi  is  tavorcd  \i\  tiih*  iMivtimstauct^s  that 
the  leucot';ytes  attach  thfmsrlves  to  these  wnlls  tiud  al^)  pa>is  thnniji;h 
them.  Accordiuj;  to  the  researches  of  Aruolii^  Thonui,  anil  others,  the 
places  where  the  wainlerin^  nut  weurs  are  the  cemetit  lines  l>etweeii  the 
finlothelial  oells,  nm!  in  the  iuHaminatory  vascular  altei-ation  a  piirtiul 
WHh'uiu^'  of  these  sputs  oeeurs.  The  eiiiiprwlidu  is  juvoniplislud  in 
snirh  a  manner  that  the  leucoeyte  first  sends  a  process  through  the  vessel- 
wall  and  then  tijiws  after  the  process  with  the  rest  of  the  cell-hody,  until 
fliialEy  thf  whole  nimn^  lies  outride  of  the  vessel.  Arrivetl  hei*e,  the  leu- 
coc\nes  may  remain  stationary'  at  fij*st,  but  generally  they  wander  fui*tiier, 
wlien  the  din»etion  of  the  exeui-siou  is  generally  settled  by  rhemotaxin — 
i.e.,  the  attnietion  or  repulsion  <lue  to  chemical  substances  present  in  solu- 
tion in  the  tissue-,juice«.  PossiVdy  eheinotactic  iuflueuces  sometimes  exert 
an  inf1tien(^e  both  on  the  leucocytes  situated  at  the  pcri{)hery  and  on  those 
whieli  are  at  a  slaiidstill  in  the  capillaries.  The  leueiH-ytes  tliat  liave  iiii- 
grated  fn>ni  the  vessels  are  chietly  ptdynuelear  forms  that  make  up  about 
70  i>er  cent,  of  the  colorless  corpuscles  in  the  l)lood.  Tlieir  number  is 
sometimes  large,  sometimes  only  siiiidl. 

The  pouring  out  of  the  fluid  exudate,  whose  composition  always 
varies  moiv  or  less  frfun  that  of  the  nonnal  tissuc-lympli  and  is  distin- 
guisheil  hy  a  relatively  hhjh  proportion  of  albumin,  is  a  pnicess  which  is 
also  to  be  refciTed  U\  an  nltenition  of  the  vessel- wtifh,  in  cousequeuce  of 
which  thf  secrfiortf  funrtitm  of  the  httttr  unffent  a  ilhfurhanfr.  It  takes 
pia<'e  simultaneously  with  tiie  migration  of  leucocytes;  may  idso,  however, 
begin  even  beft.ire  it,  or  oei-ur  in  casi*s  in  whieh  endgratiou  of  leucocytes 
is  lacking  or  i-emaitis  witliin  ven*  narrow  limits.  The  composition  of  the. 
ixufiotf  is  dependent-  in  every  c«S(*  partly  <ni  the  iteculiar  property  of  the 
vessels  affected — which  always  vai'ies  Hccording  to  the  formation  of  the 
tissue  to  which  tfu-y  belong — partly  on  the  th'gree  of  vascular  altenitiou  ; 
ami  it  is  to  be  adjnitted  that  the  (piaiitity  *'f  albumin  is  larger  the  more 
the  vasculai*  wall  is  injured,  if  (he  extravasated  fluid  contains  fil>rim»g- 
enous  substances  and  fibrin-ferment,  and  if.  on  the  other  side,  no  influ- 
ences opposed  to  sueli  a  clumge  are  aeting.  coagulation — i.e.,  a  separa- 
tion of  the  fibrin,  wliieh  is  geiienilly  deix>sited  in  the  form  of  filaments 
and  grjuiules — nuiy  oeeur  in  the  exudate. 

If  tlie  alteration  of  the  vessels  is  of  u  very  high  dep-ee.  or  if  at  the 
sjime  time  the  stasis  is  prouounccd,  red  blood -corpuscles  may  emerge 
from  the  vessels  along  with  th<!  fluid,  cither  by  dinpcdesis  or  by  rhexis. 
The  diiipt^lesis  takes  phwe,  according  to  Thortia  antj  Engelinann,  espe- 
cially at  the  places  where  leucocytes  have  previously  jiassed  through  the 
wail  of  the  vessel,  and  the  escape  t>f  nnl  bloiKl-corjiuseles  by  the  same 
route  may  follow  very  ipiickly.  Sinee  the  red  bltMnJ-nirpuscles  ai*e  not 
motUe,  their  escape  must  be  regarded  as  a  f>a.ssive  process  which  is  per- 
formed under  the  influence  of  pressure  within  the  cajnllarics. 

The  escape  of  blood-plates  mU*  the  I'xudate  enn  occur  both  in  exu- 
dates which  nre  rich  and  iu  those  whieh  are  poor  in  cells,  but  occurs 
principally  in  exudates  that  are  distinguished  by  their  rich  proportion 
of  filtrin  anil  red  blood -corpuscles,  wldle  tlie  leucocytes  are  fewer  iu 
number. 
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The  olinifal  sienifittauce  of  the  ttrm  injiammation  {pMogogis)  hns,  ou  the 
whole,  changed  little  in  tlie  i;ourj*e  of  lini^.  siiirt?  tlie  <*ardinal  symptoms  of  in- 
flammation brought  forward  by  CeUus,  aiul  accepted  Ity  Galen,  are  recognized 
as*  such  at  the  present  day.  Just  so  much  tlie  more  do  tne  \"iew8  differ  about  the 
differentiation  of  the  essential  from  the  aocideulal  in  the  symptom-complex  of  in- 
tlamiiiation,  and  aWiut  the  accurate  determtniitiou  of  it:^  real  natuj'e.  A  eom- 
pari»on  of  the  expn-^siona  eoncerniit};  tliese  points  on  the  part  of  recent  authoTB 
(Virchow,  von  Recklinghausen,  Colinheim,  Samuel,  Thonia,  Xeumann,  Strieker, 
Heitzmann,  Gmwitz,  Leber,  Metsclinikoff.  and  others)  Hhow.s  tliat  no  single  one 
detlues  inflammation  in  the  same  way  as  any  other,  or  judges  in  exactly  the  same 
way  the  individual  phenomena  of  intlammatiou.  The  <leHuiuon  wluch  I  have 
given  above  can  accordingly  not  lay  <rlaim  to  unix'ersal  rtK-ognition ;  yet  sinoe 
Its  udvaucenieut  •  it  lias  met  with  no  opposition,  and  I  beUeve  I  may  therefore 
dare  to  hope  that  it  tin<l»  acceptHnce  by  other  palhologints  ali*o. 

Formerly  one  believed  that  one  «hnulil  discern  in  hj-penemia  the  most 
essential  symptom  of  intlammation.  RokitanskA*  maintained  that  eveiy  intlam- 
matiou wuM  characterized  by  a  dilatation  of  the  capillarj*  veitseL*,  slowing  of 
the  blood-stream,  and  8ta»i»,  wliicli  wa»  cauMnl  by  a  thickening  of  the  bhiod 
through  the  effusion  of  s-enini,  and  by  an  adhesion  of  the  red  blood-corpu.sclea 
one  to  aniilher.  Henle.  Stilling,  and  Kokltansky  attributed  the  dilatation  of  the 
vessels  and  the  slowing  of  the  oloocl-streani  to  a  paralysis  of  the  vessel -nerves, 
the  cause  of  which,  according  to  Henle  and  Kokitausky,  is  an  increased  excite- 
ment of  the  senson'  ncr\'es ;  while  accoi-ding  to  Stilling,  the  caiwe  is  a  paralysi* 
of  these  nerves  iuauced  by  the  intlamniatory  imtant.  Eisenmann,  Heine,  and 
Briicke  ft4:mglit  to  attribute  the  disturbances  of  the  circulation  to  a  primary  spasm 
of  the  vessels,  which  is  brought  almut  by  irritation  of  senwitry  ner\*es,  and  which 
prmluces,  behind  the  contracted  places,  slowing  of  the  current,  Irregular  circula- 
tion, and  finally  even  stasis.  Vogel.  Enimert,  Paget,  and  others,  on  the  other 
hand^  attributed  the  dilatation  of  the  vessels  and  the  stasis  to  an  abnormal  at- 
traction of  the  tissues  for  the  blood.  In  opposition  to  these  opinions,  however, 
one  must  maintain  that  all  the  changes  of  cirt^ulation  produced  by  contractions 
and  panilysis  of  the  vessels  certainly  precede  or  accompany  the  inHarnmatory 
— i.e.,  the  circulatory— digturbancea  which  lead  to  the  formation  of  exudate,  and 
may  have  a  modifying  influence  on  the  course  of  the  inflammation,  but  tliat  they 
do  not  belong  to  the  essence  of  intlammatiou,  and  therefore  may  either  be  lacking 
or  be  present  in  it,  without  the  accompaniment  of  inflammatory  exudate. 

Kokitanskv  sought  to  explain  the  pouriug  ttut  of  fluid  from  the  vessels  in 
inflammation  'l)y  the  assumption  that  with  the  dilatation  of  the  vessels  there 
oecujTed  alst)  a  thinning  and  an  increased  periueability  of  the  vasi-ular  wall. 
Vogel,  C.  Emmert,  and  Paget,  on  the  other  hand,  made  thus  phenomenon  also 
dependent  on  an  increased  attraction  between  the  blood  and  tissue  parenchjtna 
or  juices.  V^jrchow,  on  the  ttther  hand,  beUeved  (1S,>4-)  that  a  part  of  tlie  exu- 
date—that  which  collects  in  the  ti.»«ue-eiwices  and  is  jwured  out  (»it  the  free 
surfaces  of  the  body — is  the  residl  of  mechanical  pressure  in  the  vessels — i.e.,  ift 
pres84'd-out  blood-serum  ;  while  a  i»art,  which  is  cniefly  derived  fi'om  the  **  irri- 
tated" cells,  is  to  be  considered  as  the  product  of  an  incrt-ased  attraction  on  the 
part  of  the  tissues  for  the  blood-constituents.  Of  the  cells  that  collect  in  the  in- 
named  region,  he  believed  that  all  «nngiuate  from  a  proUferation  of  the  tissue- 
cells  occurring  in  consequence  of  the  uctiou  of  the  inflammatory  Irritant. 

The  reci>ffnition  that  the  formation  of  exmlale  is  to  Vie  referred  to  an  injury 
to  the  vessel-wBlls  we  owe  chiefly  to  t'ohnheim,  whose  researches  in  various 
directions  were  completed  by  Samuel,  Arnold,  Thoma.  Binz.  and  others.  Cohn- 
heim  also  showed  that  in  inHiinimutiun  the  c<.>lorless  corpuscles  emigrate  and  form 
an  essential  cimstituent  of  the  iiitlamm&lor)'  exudate. 

Dutrochetf  and  Waller  t  already  in  the  years  1S42  and  1846  liad  described 


*  Of.  Ziegler,  "  Hi^torisches  und  Kritisohes  iiber  die  Lehre  von  der  Entxiind- 
ung,"  BeHr.  r.ZkpUr,  xii.,  1892. 

f  "Rech.  anatomiques  et  phvsiologiques  sur  la  struct  ore  interne  desani*"* 
et  dea  vegetaux  et  sur  leur  motilite,"  Paris,  1842,  p.  214. 

t  Phiiosoph.  Magaz.,  xxix..  1S46.  pp.  271.  398. 
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thn  escape  of  colorlesB  oorpuBoleB  from  the  oirculating  blood.  The  observation^ 
however,  fell  into  uomplett;  oblivion  till  Cohnheim  redifteorered  the  oocurreuce 
in  1867. 

As  follows  from  the  i-esearohes  of  Scfaklarewsky.*  the  peripheral  disposition 
of  the  colorless  blood-corpufwles  in  the  veins  is  a  purely  physical  phenomenon. 
If  one  maki-s  Liquid,  in  which  finely  pulverized  substances  of  varying  S])ecific 
gravity  are  »usj>etided,  tlow  in  txibesj  at  a  certain  degree  of  retardation  of  the 
current  the  spHcirtcally  lighter  bodies  pass  over  ti»  the  jH^ripheral  zone ;  and 
when  the  rate  becomes  still  slower,  the  heavier  bodies  also  enter  this  zone. 

For  the  emigration  of  the  colorless  cori)uscl!es  to  occur,  it  is  necessary, 
according  to  the  researclies  of  Binz.  Thoraa,  and  Lavdowsk^v,  that  they  be  capa- 
ble of  motion  and  of  adhering  to  the  vessel-wall.  According  to  these  autliori* 
lies,  therefore,  the  emigi-ariun  of  the  coh>rle8s  bloml-cells  is  not  a  purely  passive, 
but  at  least  in  part  an  active  process.  If  one  reduces  the  motility  of  the  colorless 
corpuscles  by  irrigation  of  the  mesentery  with  a  1.5  per  cent,  solution  of  salt 
(Tbonia),  or  if  one  lowers  their  vital  actn'ity  with  quinine  or  iodofonn  (Binz, 
Appert,  Komer),  the  emigration  is  a.h>o  inhibited.  Pekelharing,  on  the  other 
hiind,  believes  that  one  should  necept  the  \*iew  that  tiuinine,  oil  of  eucal>'ptU8, 
and  sahi'vHc  acid  produce  a  naiTowing  of  the  veins,  restrict  the  iiicn^aae  of 
pemuvibility  of  their  walls,  and  thus  reduce  the  extravasation  of  colorless 
corpuscles;  a  \iew  which  is  i-epwted,  however,  by  Disselhoret,  who  observed  a 
diUtation  of  the  veins  after  irrigation  of  the  tissues  with  quinine,  carbolic  acid, 
salicylic  acid,  and  sublimate.  As  there  occurs  in  this  case  a  retardation  of  the 
current  after  a  transient  acceleration,  without  the  emigration  of  the  teucoirytes 
that  pass  out  into  the  peripheial  z<me;  and  as,  on  the  other  liatuj,  leucrx'ytes 
from  blood-vessels  that  have  been  irrigated  for  an  Imur  with  quinine  are  still  of 
complete  vitality  <Eljerth),  Disselboi-sl  is  of  the  opinion  that  the  drugs  men- 
tioued  so  cliauge  the  iutiftincd  vessel-wall  that  an  accumulati^iu  of  the  leucocytes 
that  pass  by  either  cannot  ocenr  at  all,  or  can  do  so  only  with  difficulty. 

Very  probably  a  lesion  of  the  vasculai-  wall  is  not  absolutely  necessai*y  for 
the  (•migi*ati()n  of  leucocytes  (Thoma).  Since  vaso-niutiu'  ^tisturbancea  of  the 
circulation  can  produce  migration  (von  KeckUughausen,  Thuma),  a  slowing  of 
the  blood-stream,  the  abilitj"  of  the  colorless  cori)U8cleB  to  peiforni  amcenoid 
movements  and  to  adhere  \a>  the  wall  of  the  vessel,  and  their  disposition  to 
remain  in  the  peripheral  zone  of  the  stream,  probably  furnish  all  the  conditions 
necessary  for  thLs  migration.  Possibly  difterences  in  the  watery  content  of  the 
tLssues  (Tlioma)  also  exert  some  inthience,  since  nn  increase*!  amount  of  water 
increases  amceboid  movement.  It  is  also  possible  that  the  presence  in  the  tissne- 
fluids  of  substances  having  cheuiotiictic  action  may  lead  to  migration  of  leuoo- 
ej'tes  which  remain  attachetl  to  the  inner  wall  of  the  vessel  {ride  ^  105). 

According  to  the  researches  of  Arnold,  Thoma,  and  Kngelmaun,  a  soft 
cement  substance  lies  between  the  bonlers  of  the  endothelial  cells,  and  this 
sul>8tance  suffers  a  cliange  in  the  circulalorj'  disturbances  associated  wilh  cell- 
migration— a  cluinge  whidi  may  simietimes  be  rec<ignized  in  the  histological 
examination  in  the  form  of  numerous  circumscribed  widenings  of  these  inter- 
cellular areas  (Eugolmann).  If  leucocytes  pass  through  these  parts  of  the  vessel 
in  large  quantities,  the  conioiit  substance  becomes  still  more  permeable,  and  soon 
permits  red  blood-corpuwles  also  to  pass  thi*ough  in  qnSck  sxiccession  (Thoma). 

Under  normal  conditioup,  wandering  cells  are  foimd  in  many  tissues  (von 
Kecklinghausen),  and  wander  from  there  partly  into  the  lymph-vessels  (Hering, 
Thoma),  sometimes  also  into  the  blooo-vesseU  (Bubnoff,  Schulin,  Ranvier, 
8euftleben),  or  to  the  surfaces  of  mucous  membn»nes,  to  which  they  penetrate 
between  the  epithelial  cells.  About  collections  of  lymphadonoid  tissue  in  the 
mucous  membrane  they  may  constantly  be  found  in  abimdaiice,  and  wander 
from  there  to  the  surface  through  the  epitheHal  layer.  According  to  ohser%'a- 
tions  of  Kiihkel  and  Siebel,  a  few  of  them  may  also  reach  the  free  surface  of  the 
alveoU  of  the  hmgs. 

The  discharge  of  fluid  from  thejeapillaries  and  veins  was  i*egartle<l  by  Cohn- 
heim and  Hering  as  a  process  of  titration,  which  is  modified  in  iuflammatioo 
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by  the  alteration  of  the  veasel-w&Us  ic  saoli  a  manDer  that  a  liquid  abac 
mally  large  in  quantity  and  rich  in  aJbuniiu  transudes.  Accurdin^;  to  the  re- 
searches of  Hfidt^nbain,  howeviT,  the  formation  of  lymph  is  not  a  simple  Hltra- 
tion  |»rooe88,  but  a  jtrooesa  ofsfcrrtion^  which  is  caused  by  n  pecoliar  property  of 
the  hving  veasel-wall;  and  accordinf^ly  the  iutiammatory  exudate*  i^  depen- 
dent on  a  change  of  the  functional  action  of  the  vesseUwkUs,  es[>eciaUy  of  the 
endothehuni  (cf.^  44). 

The  iuflmnmatorj'  disturbances  of  tlie  circulation  and  the  formation  of  ex- 
udate may  be  moat  <-a.sily  followed  on  the  transparent  membranes  of  the  cold- 
blooded animaJ:},  especially  on  the  me8enier\'  or  the  extended  ton^rue  or  the 
spread-out  web-membrane  of  the  frop.  C»n  the  frog's  mesentery,  which  has 
been  spread  out  on  a  suitable  object -atjiiid,  circulators*  disturbances  and  intlam- 
mation  develop  from  simple  contact  with  the  air  and  the  dryin(j  that  results; 
tiie  ton^ie  and  the  web-membrane  nnist  l>e  canterixed  in  order  to  bcconie  in- 
flamed. By  the  employment  of  suitable  apparatus,  the  circulation  of  the  l:>loi>d 
and  the  formation  of  iimammator>'  exudate  can  be  observed  with  the  microscope 
on  the  thin  membranes  of  mammals  also  {mesentery  of  rnbbitti,  wing-membrane 
of  bal»),  and  obserrations  made  in  this  manner  show  that  the  phenomena  which 
occur  agree  completely  with  those  observed  in  the  frog. 

I  97.  The  ceUuhir  ami  fluid  ejcudales  se<.Tet«l  by  the  vessels  collect  first 
in  tiieir  iieiphb<»rlnKtd,  but  soon  spread  ont  in  the  vicinity,  mass  tliem- 
(w^lves  iti  the  iifmphsfMir^^  of  thf  fisum^f.&wi  thus  form  a  tissue-infiltrate 
(Pig.  149,  b,  and  F'ii;.  151,  />).  When  the  esudut**  is  abundant,  it  can 
spread  out  and  infillrat*-  also  the  ncighbnrinfr  simnd  tissn**  that  has  not 
been  injured  by  the  cause  of  the  inflammation.  This  infiltration  niay 
be  so  considerable  ai»  to  pn>duee  new  di^^tnrbances  of  ciivtdation  and 


Fio.  148.— Section  through  the  border  of  a  blister,  a,  Hnmy  Uyer  of  the  epi- 
dermis ;  fr,  Rete  Malpighii:  c.  Normal  papilhe :  '/,  Swollen  cells,  some  of  the 
nuclei  of  which  are  still  visible,  bnt  pale,  while  others  have  been  entirely  de- 
8tri»yed;  e,  InlerpnpilLir>-  epithelial  cells,  the  deep  ones  intact,  while  in  the 
upp*'r  lavers  thev  are  drawn  out  lengthwise  and  are  somewhat  swollen,  without 
nuclei;  /,  Tnlal  li(iuefaction  of  the  cells  ;  ff,  Interi>apillar\*  cells  without  nuclei, 
«w<t]len,  and  raised  from  the  cutis;  A,  Total  rlegtnenition  of  the  interpapdlary 
cells  which  are  separated  from  the  cutis;  i,  Flatteneil  papilla?  infiltmtea  with 
cells;  k.  Coagulated  exudate  (fibrin)  l.nug  under  the  lifted  opitheliam.  (<  "' 
mine  preparation.    Magnified  I'lO  diameters.) 
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nutrition,  and  thus  increase  the  area  of  tissue-ile^eneration  and  inflamma- 
tar-y  tJtHdation. 

When  exudate  is  present  in  a  tissue,  it  may  he  absorbed  in  part  by  the 

iis»9ie'elefnents  themselves j  so  that  they  swell  up  and  not  rarely  contain  drops 

of  fluid,  which  are  ordinarily  called  vacuoles.     There  often  occurs,  also,  a 

complete  dissolution  of  the  tissue-elements  in  the  exudate,  especially 

of  the  connective-tissue  cells  (Fig.  148,  rf,  /),  and  not  seldom,  also,  of  the 

intercellular  substance.     In  this  way  both  brain-  and  muscle-tissue,  as 

well  as  ordinary  connective  tissue,  may  be  completely  liquefied  in  the 

course  of  an  inflammation. 

If  dead  cells  become  saturated  with  lymph  containing  fibrinogen,  and 
fibrin-ferment  is  formed,  a  coagulation  may  precede  the  liquefaction  of 
the  infiltrated  tissue ;  in  which  case  the  cells  are  transformed  partly  into 
homogeneous  masses  without  nuclei,  and  partly  into  granules  and  fila- 
ments (Fig.  150,  c,  d). 

If  the  exudate  within  an  organ — ^.g.,  a  gland — is  chiefly  in  the  sup- 
porting tissue,  while  the  specific  parenchyma  appears  little  altered,  the 
form  of  the  inflammation  is  designated  as  an  interstitial  inflammation 
(Pig.  149,  b).     On  the  other  hand,  if  the  degeneration  of  the  specific  tis- 
sue—e.g.,  of  the  epithelium 
of  the  nriniferous  tubules 
(Fig.  150,  c,  d)  of  the  kidney, 
of  the  liver-cells  in  the  liver, 
of  the  contractile  substance 
in  the  muscles — is  promi- 
nent, and  these  parts  appear 
^turated  with  exudate,  one 
c*lLs  the  condition  paren- 
hymatous inflammation. 

.  PiQ.  149.— Becent  intereti- 
*i*I  hepatitis,  a.  Normal  Hver- 
^ssue;  b.  Small-oelled  infil- 
*Hitioii  of  the  periportal  con- 
^^tive  tissue.  (Hematoxylin 
preparation.  Magnified  80  dia- 
meters.) 


If  the  seat  of  an  inflammation  is  the  surface  of  an  organ,  one  calls  it 
a  superftciai  inflammation  (Fig.  151).    If  the  exudate  can  gain  free  ac- 


Ftg.  150. — Parenchymatous  ne- 
phritis, with  necrosis  of  the  epithe- 
lium of  the  uriniferous  tubules,  in  ic- 
terus gravis,  a,  Normal  convoluted 
tubule;  ft,  Ascending  loop;  c,  Convo- 
luted tubule  with  necrotic  epithe- 
lium ;  rf.  Convoluted  tubule  with 
epithelium  partly  intact,  partly  ne- 
crotic ;  e,  Stroma  with  blood-vessels, 
(Preparation  hardened  in  MuUer^s 
fluid,  stained  with  gentian  violet, 
and  mounted  in  Canada  balsam. 
Magnified  300  diameters.) 


MB  OTPLAlElAATOKr  ETrVStOSS. 

nem  (o  iht  mr&ee,  and  flow  from  U  mixed  wiih  parikkv  of  cast-off  tift- 
sue  (Fig.  151,  d^  t,  /.  /t.  A).  th«  iaflammatioB  is  called  a  catarrii.  If  the 
poariog  out  of  a  liqiud  exudate  on  the  sarfacr  of  the  skin  or  of  a  mneoiis 
Bwmbme  k  impeded  by  eohertDt,  hornr  epatheiiam  tFi^.  14$,  a),  and 
there  fom  under  Una  tonr  circiUDscribed  iwUectioti^  of  finid.  in  wliidi 
^b»  6Mip  aoft  layen  of  epitbelinm  diwolv^  (Fig.  144.  d,/,  gK  the  KeaoDs 
tbdS  Comed  at^  ealled  vesicles  and  Misters.  When  the  exudate  from 
atrooB  aar&cm  teflect^  in  the  cavities  of  the  body^  there  are  formed  in 
tbeiD  inflammatoo'  effusions,  which  not  rarely  reach  a  ooiisidenib1<> 
bulk*  diisteud  the  affected  cu\-it>*.  and  compress  the  organs  eontained 
therein. 


FlO.  161. — Baperficial  catarrhal  inflAtnmation  of  a  bronchus,  n.  Ciliated  celht: 
Of,  Deep  cell-layera;  6,  Goblel-pelU;  c,  MarkeiUy  mucoid  cells;  o,  Maooid 
omU  with  mucfMcl  oncletu;  <7,  Desqaamated  mucoid  cells;  «.  OesquHmated  cili* 
ated  e^ ;  /.  Layer  of  drops  of  mucus :  /,  Layer  of  strin|r>'  mucus  and  pus-cor- 
mueles;  (r.  Excretory  duct  of  a  mucous  glan<l  filled  mth  mucus  and  cells;  A, 
Deaqnamated  epithelium  of  the  cxcr«'tory  duct ;  ♦,  Intact  epithelium  of  the  ex- 
cretory duct;  k.  Swollen  hyaline  )fa>ieriieiit  membrane:  /,  Connective  tissue  of  the 
niucoaa,  mirtly  inflltmted  with  cella;  m.  Diluted  bluod-vi>ssel :  n.  Mucous  gland 
Kllfd  with  niurufl;  tii.  LobuJe  of  amucotu  irland  without  mucuji;  o,  Migrating' 
chII  in  the  fpitheliuu) ;  p^  Cellular  intthratiua  of  the  couuectire  tissue  of  the 
mnrouH  (flandt.  (l'n'i«iration  hanleneil  in  MtilltT's  fluid  and  alcoliol,  stained 
with  aniline  brown,  aud  mounted  in  i  'anada  balsam.    Magnified  1:30  diameters.) 


If  an  organ  i8  in  a  condition  of  inflammationf  it  is  customary  to  ex- 
proHi  it  by  adding  the  tcnnination  "iris"  t^»  the  Greek  name  of  the 
organ.  In  fhis  -viwy  are  foriiH'd.  for  example,  the  tenns  enditcaMitis, 
myocunlitiK,  pericarditis.  |)]euritij*.  |»«*ri(onitis,  encephalitis,  pharyngitis, 
kt'DititiK.  oi-r*hitih.  i>dphoritiN''<dpitih,  metritis,  hepatitis,  nephritis,  amyg- 
daliliH.  glossitin.  pwtritiH.  The  I'lidiiij;  "itis"  in  sometimes  affixed  to  the 
Latin  names.     One  says,  e.g.,  conjuucti\itis,  tonsillitis,  aud  vaginitis.     If 
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one  wishes  to  deuote  tliat  tJi©  serous  coveriug  or  the  neighborhood  of  au 
oi-gan  is  uiflamed,  one  places  bet'oi*e  the  Greek  name  with  the  termina- 
tion "itis"  a  "  piTi"  4)r  "pura."  Thiis  art*  fornn-d  the  words  pcninetntis, 
pai-ametritis,  periproctitis,  ptrityplditis,  paraiiepluitis,  i>erihepatitis. 

For-  isohiti'd  forms  of  intJiuiinintiou  tJiri-e  arc  also  in  rnn'  speeial  names ; 
thus  one  calL'*  inllaminution  of  the  liuifrs,  pnenmonia;  intlanmiation  of 
the  arch  of  tJie  jHdat©  and  tonsils,  aujpuu. 

Since  Cohnheim  taught  us  to  recognize  the  migration  of  colorless  blood- 
corpuscles  en  mastre  as  an  inijiortant  part  of  inflanmiationj  and  sliowed  that  they 
might  serve  as  a  new  som-ce  of  oritrin  for  the  cells  present  in  thii  exudat*-,  the 
question  of  the  origin  of  the  cells  pi-esfnt  in  the  exuuHte  of  tresli  intlamniations 
has  been  many  times  the  subject  of  tliscussion.     Wliile  some  regar<led  all  cells 

i) resent  in  the  exudate  as  extravasated  leucocytes,  others  believed  that  the 
eucocytes  coming  fi*otu  the  Ijluod  foi-med  only  an  ftt-eidentaJ  component  of  the 
exudate,  and  that  the  cells  contained  iu  it  for  the  most  part  have  origiuuted  on 
the  spot  from  the  tissue  "irritfltetl'^  hy  the  eause  of  the  milammation. 

Strieker  is  of  the  opinioti  that  the  swelliug  and  hardening  of  the  tissue  in 
inflanirnririon  are  not  eaused  Uy  tlie  eolleeti(»n  of  exudate,  but  by  a  swelling  of  the 
cell-reticulum  which  traverses  the  tiBsues,  and  that  it  is  a  plienomenon  of  growth 
of  the  cells  anil  thi'ir  prolorigaiions  characterized  hy  swelUug.  The  eelluJar 
exudate — i.e.,  the  pus— he  accounts  for  partly  by  a  segmentation  and  division 
of  the  celhdar  reticulum  swollen  from  the  intlamniatiim,  partly  liya  transfonna- 
tion  of  the  connective-tissue  librils  into  pns-cori)UscIes.  Heitzmann  <'onRitlers 
the  inflammatory  tissue-changes  as  a  reversion  of  the  tissues  to  the  embryonal 
condition,  and  beheves  that  the  hving  material  Is  not  contained  in  the  cells  only, 
but  inliltrates  the  entire  grountl  substance,  and  incivases,  in  the  progress  of  an 
intlauimation,  with  the  hquefaction  of  the  ground  substance.  Connective  tis- 
ane, CBilihige,  and  bone  become  resolved  in  inllammation  into  tho^e  elements 
from  which  they  are  formed  — i.e.,  into  cells — which  then  immediately  reproduce 
their  Uke.  Grawitz  Jwlieves  that  both  the  eellnlnr  intiltrate  and  the  pus  occur 
without  any  participation  of  the  leucocytes  worth  mentioning.  Everywhere  in 
the  tissues  cells  which  ho  culls  slnmber-colls  lie  latent  in  Inree  quantitips,  not 
affected  t>y  our  nuclei-staining  dyes  and  therefore  not  rei-ogniZHble  (only  from 
5  to  10  per  cent,  of  the  t!«sue-cells,  according  to  lum.  are  known  to  us),  hut 
which  in  inflammation  awake,  increase  in  size,  respond  to  nuclei -staining  dyes, 
and  therefore  again  become  rei^ognizable. 

After  what  an  unprejudiced  careful  examination  of  inflamed  tissue  exhibits, 
there  can  be  no  doubt  that  the  description  of  the  origin  of  rlie  inflammator)'  in- 
filtnite  given  by  Strieker,  Heitzmann,  (irawitz,  and  their  pupils,  does  not  corre- 
spond to  the  conditions  as  they  actually  exist. 

The  txlU  thuf  acctimuhtte  in  tlie  fisgufg  in  acutt  inflammatiotts  in  the  firitt  hours 
and  (iaifs  are  le>tcocyte$  dericed  from  ihf  blood,  awl  this  id  true  espedalltj  of  all  <vUs 
which  bear  ihe  charnet&r  of  pohf nuclear  and  mononuclear  UucMMtea.  A  iissue'grouth 
occursf  it  w  true,  utmost  nltvaf/it  in  the  coitrse  of  injlommution,  but  it  is  able  to  produce 
u  large  quantity  of  crlh  only  in  the  course  of  fteceral  datjx  (ef,  $  101),  an^lt}^ese  celhtdo 
not  ponjtetis  thr  characters  *>f  lumphocytes. 

A  doubt  about  the  origin  of  the  cells  exists  only  in  regard  to  a  part  of  the 
mononuclear  fitrms.  because  jtrol  if  crating  tissue  can  produce  cells  which 
appear  very  like  the  larger  forms  of  luouonuclettr  leueoejtos  and  have  not  yet 
been  certainly  distinguished  from  them. 


§  9ft.  Both  theloeal  tissue-degeneration  rtnd  theexndatioTi  may  appear 
very  tUfferently  in  lUtferent  eases,  and  luie  can  distinguish  conformably 
different  forms  of  inflammation. 

If  the  exudate  consists  priui'i[jally  of  fluid,  while  the  cellular  eomjui- 
uenls  are  comparatively  iusignifieani.  it  \s  calknl  a  serous  exudate.  If 
this  is  witliin  a  tissue — for  example,  tlie  cutJineons  and  snbeutnneous  tis- 
fines  or  the  kidneys  (Pig.  152,  a) — ^it  leads  to  inflammatory  oedema. 
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SEROUS  CATAKBH. — Ml'COCS  CATABRB. 


Escape  of  fluid  on  thf*  surface  of  n  mucous  or  serous  membrane  gi^va 
the  pictiiiv  of  a  serous  catarrh  :  localized  eolleptiou  of  Huid  IwneatL  Ihc 
horny  layer  of  the  ephU'rinis,  with  thi-  litiuffartiim  of  the  suft  layersuf 
epithelium,  leads  to  the  funiiatiou  of  vesicles  and  blisters  with  elear  wn- 
tmits(Fig.  148,  rf,/}. 


.^^? 


'I'S 


a.J- 


ji 


Via.  152. — Iiiflummatory-  anlema  of  the  kidnev,  with  catarrh  of  the  uriii 
erons  t.ubuU'S  {(roni  a  Tiiaii  who  died  of  suppiii-ativi*  mediai^tmiti.s  and  pleurrC 
with  nephritis  on  the  tpnth  day  after  the  hoyininng  of  the  illness),     o,  Stron^j 
distendeil  by  tliiid,  uud  infiltrated  with  irranules  and  tilameuts  of  libriti  iin  ^\ 
separate  fat-droplets;  h.  Capillaries;  c.  Gpithelin  of  the  eonvoluted  tTibulesi^^ 
parts  ahghlly  fatty  and  de^|uanintiucr :  d.  Desquamated  epithelial  celU  in  i-"^^ 
loiiped  tubule  ;  e,  (jranulnr  and  fattv  detritus  in  a  looped  tu!)ule.  whose  epilJio-' 
linin  remains,  but  is  eloudy  j  /,  H  j-imne  eylinder  (cnsi)  in  a  rouv^iluted  luboli' ; 
ff.  Hound  eells.     (Ulyceriu  preparntiou  treated  with  osmiu  avid.     Ma^Llieil  350 
dij*  meters.) 


If  the  fluid  exuded  on  tlie  surface  of  n  lutieous  ui(*mhrnue  is  a.*4so<'i- 
ated  witii  nnuked  tnueoid  rlinu<rt^  of  the  supertii-ial  epithelium  (Fig.  ITil. 
&,  r,  n)  nnd  of  the  nmeous  glands  {n),  Ihen^  is  a  mucous  catarrh  (Kij;. 
151,  <f.f,fi).  If  a  marked  desquamation  of  the  epithelium  of  tlie  nineous 
membrane,  with  or  without  nnnMiid  ehauge,  oeeui*H.  there  i-s  »  desquama- 
tive catarrh,  and  it  may  occur  not  only  in  mucous  membruues,  Itut  al^ 
in  the  i*espii*atoiy  parenchyma  of  the  Inui^.  on  8eix«i>  »urfrt<*es,  in  the 
kidney-tubnlcs  [Fig.  I;"i2,  r,  (7),  ete. 

hi  deMiiumiative  catarrh,  if  the  secivtion  is  mixed  with  tnuch  epithe- 
lium, it  18  cloudy  and  cdutains  a  large  number  of  cells,  which  <*onsiht.  ac- 
cording to  the  source  of  the  eataiTh.  sometimes  of  muc<tid  <'yhn(lrn'al  and 
ciliatM  cells  (Fig.  ir»;i,  .V,  fi),  sonu'timcs  of  squamous  epithelium  (//.  I:i, 
18, 19).  At  the  same  time  tliere  «enerally  are  fouud  also  round  cells  (Fig. 
153.  i,  I*,  7,  y,  U),  13,  im),  and  often  also' Imet^ria  {/.  li,  15,  10,  17,  x>J). 

If  the  depositimi  of  filinn,  or  co»gidati<m,  4)ccnrs  in  a  liquid  exudate, 
there  are  formed  fibrinous  and  scro-fibrinous  exudates,  which  are  oft^-n 
also  called  rroufMtttf.  Tlicy  occur  chiefly  on  the  sui*face  of  senuih  or 
mncous  membranes  and  in  the  lungs,  but  masses  of  tibrin  cau  alsii  be 
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deposited  within  tissues  infiltrated  with  exudate  (Fig.  152,  a,  and  Fig. 
156,  7),  as  well  as  in  lymphatic  vessels  (Fig.  156,  h). 

Fibrinous  exudates  on  mucous  surfaces  form  whitish  patches  and  co- 
herent membranes,  which  sometimes  lie  upon  them  only  loosely,  some- 
times are  firmly  attached  to  the  under  surface.  In  the  serous  cavities 
the  deposits  of  fibrin  float  in  the  form  of  flakes  in  the  fluid  exudate,  or 
attach  themselves  firmly  to  the  surface  of  the  membranes.     These  de- 


FiG.  153.— Cataniial  Beoretion  of  various  mucous  membranes.  A,  Secretion 
from  macoos  membranes  with  cyhndrical  epithelium ;  B,  From  the  month  ;  C, 
From  the  orinaiy  bladder.  1,  Round  cells  (pus-coipuscles) :  2,  Large  round  cells 
irith  brif^t  nuclei  from  tbe  nose ;  3,  Mucoid  cyhndrical  cells  from  the  nose ;  4, 
Spirillum  from  the  nose ;  5,  Mucoid  cells  with  cilia  from  the  nose ;  6,  Goblet-cell 
from  the  trachea^  7,  Round  cells  with  mucoid  masses  from  tbe  nose  ;  8,  Epithe- 
lial cells  coutaimng  pus-corpuscles  from  the  ntwe ;  9,  Fatty  cells  in  chronic 
catarrh  of  the  larvnx  and  pharynx ;  10,  Cells  from  sputum  containing  coal- 
pigment ;  11  and  12,  Squamous  epithelium  from  tbe  mouth ;  13,  Mucus-cor- 
puscles J  14,  Micrococci ;  15,  Bacteria ;  16,  Leptothrix  buccahs ;  17,  Spirochaete 
dentieoia  ;  IS,  Superficial ;  19,  Middle  layer  of  bladder  epitheUum  ;  20,  Pu8*cor- 
poscles ;  21,  Schizomycetes.    (Magnified  400  diameters.) 


posits  consist  at  times  only  of  small,  attached  granules  and  flakes,  which 
give  to  the  affected  surface  a  cloudy,  dull,  rough,  or  even  gi-anular  ap- 
pearance ;  at  other  times  they  consist  of  larger  yellowish  or  yellowish-red 
tongh  membranes,  which  often  give  the  surfa^-e  a  felted  or  villous  ap- 
pearance (cor  villosum,  pericarditis  villosa).  In  the  lung  croupous  in- 
flammation leads  to  the  fllliug  of  the  alveoli  with  a  coagulated  mass,  as 
a  result  of  which  the  lung  acquires  a  firm  consistency. 

The  formation  of  croupous  membrane  on  mucous  surfaces  occurs  only 
if  the  epithelium  is  already  desquamated  and  the  connective  tissue,  in 
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part  at  leaAk,  ex])o&ed ;  hut  tissue  eovere<l  with  epitlieliinn  may  be  coati^ 
over  with  euagiilated  fibrin  exteuding  from  spuU  free  from  epithcJiuin. 

The  des<in«nmiion  of  fjutholiuTii  fol 
lows,  in  siirb  a  case,  sometimes  gradn- 
ally,  sHjmetiinesi  quiekly,  llirtmgh  tin- 
liftiug  up  of  whole  layc'i*s  of  epitJie- 
linm  (Fi(r.  l-H.  h),  whieh  are  eitht-r 
still  well  pre*!erved  or  lUrcady  degen- 
erated or  iieerotie  (Fig.  163,  ft)  and 
iufiltrated  with  exudate  (Fig.  156,  a). 


^^^m 


f^' 


■'^^^mn 


4^^^'* 


y. 


Fn;.  154.— Acute  hipmorrhagic  fibrin- 
ous inllainniation  of  the  tra<':faea,  oniued 
by  the  vapor  of  ammonia,  (i,  Superficial 
conueetive-tissue  layer  of  the  mucosa, 
with  widely  diliited  vestselsi  filled  with 
blood  iiud  esejipL'd  red  blood-fori*us«*li'8; 
/;,  Deep  laver  of  fpithelium  raided  up 
eiiliiv;  c,  iJeiUCiuanmted  epithelial  eellK; 
//,  lliPinorrhapK'  librinoua  exudate  with 
rRdiatinp,  ery»taI-Uke  deposit  of  fibrin 
partly  cousisring  of  small  eolorle.-** 
masses.  (Preparation  hanleued  in  iliil- 
lers  fluid,  stained  with  ha»matnxyliii  and 
eoHiu.  and  mounted  in  Canada  balsam. 
Magnified  300  diameters.) 


The  dei>osit  of  fibrin  may  l>egiu  under  the  raised-iip  epithelium,  willi 
the  formatiou  of  sleuder  forms  like  aeietdar  eryntals  (Fig.  ^'A,  rf),  whieh 
are  arrauged  radially  alMJiit  a  eentre,  in  whii'h  tbei-e  often  lies  a  finniU 
corpusi'le,  proViably  a  produet  of  disintegration  of  a  red  bloml-eorpuKele, 
or  a  blood-plate.  There  lorm,  however,  verj'  soon,  thieker  or  thinner 
threads  (Fig.  155,  f,  and  Fig.  156,  6,  c)  whieh  inclose  more  or  less  leueo-i 


Pio.  155.— Croup()UH 
membrane  from  the  tra- 
chea. «,  Section  through 
the  membrane  ;  b.  Upper 
layer  of  the  mucous 
membrane,  iufiltrated 
with  pus-e<)rpuscles,  (/;  c. 
Threads  and  granule-i  of 
fibrin;  rf,  Hu-s-c<)ri>nsele8, 
(Magnified  250  diame- 
ters.) 


&m 


h  ^  '^'-wQjtix-'' 


.5  V.-  .^:• 


cytfiR  and  red  blood-corpuseles.  The  urrnngeineiit  of  the  tbivads  is  gen- 
erally retieular.  but  the  thiekness  of  tbo  nirshwork  and  the  width  of  the 
meshes  var>'  greatly.  When  then?  is  uuequal  <levelo]>meiit  of  the  thread* I 
and  stiauds  of  fil>rin,  the  prineipal  strands  have  a  direetion  sometimos 
parallel  to  the  uiueons  membrane  (Fiir.  151.  (/),  sometimes  peri^)eudieular 
to  it  (Fig,  15fi.  c).  Thick  fibrin  niembraues  rd'teu  show  a  i*eal  stratit^ea- 
tion  (Fig.  150.  n.  h,  r).  a  hint  that  their  formatiou  oeeurred  in  biitebes. 

On  the  serous  mrtuhranes  the  fibrinous  deposits  genenUly  present  ft] 
grnnalai*  ap[)earauee  (Pig.  157,  6) ;  they  are  composed  of  finer  and  eof 
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threads  of  fibrin,  and  inclose  sometimes  only  a  few,  sometimes  many, 
leucocytes  and  red  blood-corpuscles. 


vf.v^A 


i1;1'-  ~-"''^-V-% 


Fio.  156. — Section  of  a  uvula  inflamed  and  covered  with  a  stratified  fibrin 
membrane,  from  a  case  of  diphtheritic  croup  of  the  pharyngeal  organs,  a.  Super- 
ficial layer  of  coagulation,  consisting  of  epithelial  plates  and  fibrin  ana  dotted 
with  numerous  balls  of  cocci :  b,  Second  layer  of  coagulation,  which  consists  of 
a  close-meshed  reticulum  of  fibrin  inclosing  leucocytes ;  c,  Third  layer  of  coagu- 
lation, lying  on  the  connective  tissue,  and  consisting  of  a  wide-meshed  reticulum 
of  fibrin  inclosing  leucocytes ;  rf,  Connective  tissue  mfiltrated  with  cells ;  e,  Infil- 
trated boundary-layer  of  the  connective  tissue  of  the  mucous  membrane ;  /,  Mass 
of  red  blood-corpuscles ;  (?,  Congested  blood-vessels;  A,  Lymphatic  vessel  dis- 
tended with  fluid,  fibrin,  and  leucocytes;  i.  Excretory  duct  of  a  mucous  gland 
clistended  with  secretion  j  ifc.  Transverse  section  of  a  gland ;  7,  Reticulum  of  fibrin 
in  the  superficial  layers  of  connective  tissue.  (Preparation  hardened  in  Miiller's 
fluid,  embedded  in  oelloidin,  stained  with  heematoxylin  and  eosin,  and  mounted 
in  Canada  balsam.    Magnified  50  diameters.) 

In  the  lungs  the  fibrin  generally  forms  an  irre^ilarly  arranged  retic- 
ulum (Fig.  158)  composed  of  verj'  fine  or  coarser  filaments,  and  iuelosinjr 
leucocytes,  red  blood-corpuscles,  and  desquamated  epithelium.  In  the  first 
stages  of  fibrin-formation  there  are  also  sometimes  found  filaments  wliich 
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are  arrauged  like  a  necklace  and  consist  of  rows  of  corpuscles.  Accord- 
ing to  till*  rcscarclies  of  Haiifjer,  (lie  first  dt^posit  of  the  fil>nu  reticulum 
way  start  from  \\w  dead  ei)itlielial  cells  of  the  alveoli,  whose  thin  plates 
aiv  infiltrated  at  the  sarue  tiiae  with  a  delicate  reticulum  of  fibrin. 


:^""^> 


.^V 
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Fiu.  157. — Adlieaivo  perir-arditis.  Section  through  the  opicardiuiu,  ci.  and 
the  Hbriu  membrane,  b ;  c,  Dilattd  and  coiijircsted  blood- vesst'L; ;  rf,  Hound  cells 
whicii  inttItrHt«  tlic  tissue;  <r.  Lymphatic  Vf-shn]  tilli^d  with  celU  hikI  cnag'ula  if. 
Formativr  cellH  within  the  deposit.  (Prepai-ation  hardened  in  Miiller'H  fluia 
and  tstalneil  with  hematoxylin.     3Ia^nified  150  diameters.) 


In  the  kidneys  deposits  of  fibrin  may  occur  in  the  form  of  line  fila- 
nieute  or  libriuous  musses  in  the  uriuifenms  tubules  and  in  the  ffhmiernlar 
capsule.  In  the  lymphatic  ghinds  fibrin  filiinifiits  form  principally  within 
the  l\nni»h-pn,ssaj::r's. 

ria;morrhagic  exudate — ^Le.,  exudate  which  contains  red  bhMMl-et)r- 
jmsi'h's  in  large  quantities — ocelli's  piulicuhirly  in  connocTion  with  the 
<)r]nisit  of  tibriii  (Fig.  154.  f/,  and  Kig.  I'l^^).  Thus  croupous  piiluiotuiry 
eiudate  always  contains  a  larger  or  smaller  numbi'r  of  ii*d  bhHtd-curpus- 

de.s.  and  in  the  suim-  way,  in 
ttl)nnous  jH'rirarditis  and  picn- 
rit is,  large  ([uan titles  of  red  blood- 
corpuscles  quite  offcu  escape. 
Hieni(*rrhagii'  iiiHjimnuitious  <h'- 
cur  also  not  ran-ly  in  tiin  rrntral 
nervous  system,  in  the  lymphat- 
ie  glands,  in  the  skin,  and  in  the 
kidneys. 

Fig.  158.— Cnmprnis  he]>ati7Jition 

of  lung.  Alveoluh  filled  with  an  fx- 
udatf  fonsistinp-  of  fluid,  red  and 
rolnrless  blood-corpiist'Ies,  and  epi- 
thelial oellH.  (PrepBi-nlion  first  m- 
jected  ana  theii  sUiined  with  lnema- 
toxyliu.    Mti^ified  SO  diameterv.) 

Tlift  serous,  filiriiious,  and  serofibrinous  iufliimriiMtiotis  may  Im-  eaused 
both  by  therniif.'  and  chemical  iufluences  and  by  bacteria,  but  are  most 
often  the  result  of  infectiiui,  espwially  of  infection  with  the  IHphnirrua 
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pneumoma  and  the  BactUus  diphtheria.  The  former  causes  particularly 
croupous  inflammatious  of  the  luugs  and  the  pleuite,  the  latter  fibrinous 
iiifiammatious  of  the  pharynx,  palate,  and  respiratory  passages. 

Hauser  recently  emphaazes  that  the  flbrln-formation  extends  from  cells— 
e.g.,  from  pulmonary  epitheha  or  leucocytes — which  are  at  the  centre  of  the  de- 
posit of  fibrin.  So  far  as  I  haTe  observea,  this  actually  occurs  j  still  I  have  ^ner- 
ally  seen,  in  the  o^itre  of  radiating  rods  of  fibrin,  only  bright  forms  without 
nuclei,  which,  as  I  believe,  originate  not  from  leucocytes  or  tissue-cells,  but  from 
red  blood-corpuscles,  and  are  probably  partly  identical  with  the  forms  described 
as  blood-plates. 

§  99.  When  the  inflammatory  exudate  consists  principally  of  leuco- 
cytes, there  is  an  infiltration  of  the  tissues  with  small  cells  (Fig.  159, 
</,  e,f),  which  may  at  times  be  so  crowded  as  to  obscure  the  structure  of 
the  tissue.  If  leucocytes  with  fluid  exudate  appear  in  large  quantities  on 
the  surface  of  a  mucous  membrane  or  an  external  wound,  a  white  fluid 
is  seen  on  the  affected  part,  which  is  called  pus,  and  has  given  occasion 


Fig.  159.— Purulent  bronchitis,  peribronchitis,  and  peribronchial  broncho- 
pneumonia (from  a  child  aged  fifteen  months),  a,  Purulent  bronchial  contents ; 
b.  Mucoid  bronchial  contents;  c,  Ci,  Bronchial  epithehum  infiltrated  with  round 
cells  and  partly  raised  up,(ci.) ;  d,  Bronchial  wall  infiltrated  with  cells  and  its  blood- 
vessels markedly  distended  with  blood ;  e,  Peribronchial  and  periarterial  connec- 
tive tissue  infiltrated  with  cells;  /,  Septa  between  the  pulmonary  alveoli,  partly 
infiltrated  with  cells;  ^,  Fibrinous  exudate  in  the  alveoh;  A,  Alveoli  filled  with 
exudate  containing  many  cells :  i.  Alveoli  filled  with  exudate  containing  few 
cells ;  k^  Transverse  section  of  pulmonary  artery  :  J,  Congested  bronchial,  jperi- 
bronchial,  and  interlobular  vessels.  (Preparation  hardened  in  Midler's  fluid, 
embedded  in  celloidin,  stained  with  heematozylin  and  eosin,  and  mounted  in 
Canada  balsam.    Magnified  45  diameters.) 
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Fig.  160.— Secrion  of  a  smallpox  pustule,  a.  Homy  layer;  6,  Mucoop  lajre*^ 
of  epidermis;  rf,  Cutis;  r,  Sraallpoi  pnstule;  /,  Cavity  of  the  pook.  contaitimp^ 
at  /i  pu8H'orpus<-'lo*» ;  /?.  RLinaihg  of  tpitlielium  between  the  papilla,  intiltrat'i'i- 
with  pus-corpustTles ;  A,  Papillre  infiItrato(i  with  cells:  f',  Umbilication  with  thir» 
poek-covcr ;  t'l,  Border  of  the  pock,  whost^  roof  ia  here  formed  of  the  homy  antS. 
irantdtiou  layers.    (Injected  ha^mntoxylin  preparation.  Ma^milied  25  diumtrtent.^ 

iv  uaiiie  the  inJlatnmation  a  purulent  catarrh  (Fig.  159,  a).  When  aim. 
abundant  secretion  persists^  the  phenomenon  is  called  a  blennorrhmt.  !£*' 
sneh  pus  itoUei^-s  within  body.ca\ities — e.^.,  in  the  pericardium  or  iji  rlit^ 
picui'a  or  in  joii^^cavities — it  foi-ms  coutined  pnrukt\t  r^ttsioH^  or  empye— 


Bt^-'^.      **■« 


./^%.Cf> 


Fig.  161. — Embolic  abscess  of  i  i  -inal  wall,  with  embolic  suppuruttve 
arteritis  and  embolic  aneurism,  in  eross-section.  n,  6.  c,  rf,  r,  Layers  *if  intes- 
tinal wall;  ff  RKuiains  of  the  arttfrial  wall,  in  transverse  stHStion ;  p,  F.rabolus, 
snrroundetl  by  puH-cori)us<;les  witldn  tlio  dilated  Jiutl  partly  suppurating'  art<?ry; 
A,  Parietjii  th'n>nibu»;  i,  P«riuHeriHl  pumlent  iutiamniation  of  the  embmufosa; 
i.  Vein  filled  with  blood.  (Pi-eparation  hanlened  in  alcohol,  stained  with  fueh- 
sin,  and  embedded  in  Canada  halsam.    JIasfidHed  '.Hi  diameters.) 
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If  au  nlnimlaiit  yolleotiuii  of  Iviiipiiocytes  taken  place  witUiu  a 
pHMlueptl  by  the  Hiiuofftption  tyf  opitliolium  under  the  horny  layer, 


purulent,  and  the  vesicle 


mata. 

blister 

the  fluid  becomes  muiv  hikI  more  turbid,  white 

changes  to  a  pustule  (Fig.  lUO,/]). 

The  cells  that  emip'ate.e.'ipecially  in  jnmUent  iurtaimnation8,and  which 
are  therefore  called  pus-corpuscles,  arc  poly  nuclear  leucoc\i;es.  They 
may  niacli  the  sni'fnco  of  a  mucous  membrane  >>oth  after  the  destjuama- 
tion  at  the  epithelium  and  while  the  epithi'liuin  is  stid  prCKervcd,  and  Hiey 
Hcconi]ilisli  this  by  passing  Ix^weeu  the  epithelial  cells  (Fig.  159.  r,  Ci, /.^) ; 
and  the  epitbt-liuni  <if  tlie  **xterna!  skin  may  be  penetrated  by  them  in 
the  same  way  (Fig.  KiO,  {/). 

When  verj'  numerous  pus-corputseles  collect  in  a  tissue,  bo  tliat  the  tis- 
sue a<^(|uir(ts  a  white  or  gi-ayish-wliite  or  vello wish-white  color,  the  process 
takes  on  the  chamcter  of  a  purulent  infiltration.  If  filially  liquefaction 
and  dissolution  of  the  tissues  take  place,  \vv  mny  sptMik  of  these  changes 
as  suppuration  of  tissue  tmd  abscess-formation  (Pig.  161) — i.e.,  the 
fonna1i(»n  of  a  cavity  ftlli'd  with  pus. 

When  the  suppurative  iuliltnitioii  and  tissue-solutiou  occur  on  the 
snrfaoo  of  an  organ^for  example,  of  a  mucous  nu^mbrane  (Fig.  162,  /f, 
/,  //) — the  process  leads  to  the  formation  of  a  superficial  loss  of  Kubstauce 
— an  ulcer.  If  there  fonn,  through  suppuration,  pervious  caWties,  they 
are  cjilled  fistulous  tracts. 


^:^\ 


Fio.  162. — Suppuration  ami  necrosis  of  the  nnicoiis  membrane  of  the  large 
intestine  in  dysentery.  Seetion  of  the  mucom,  a,  and  ^ubmueoua,  6,  of  the 
colon  J  c,  Mascularis;  rf,  lutorglatidolar.  rfi,  Subplandulnr  infiltration  of  the 
nmcosR ;  e,  Infiltrated  area  in  tin*  submucosA;  /.  Intiltratcil  upper  glandular 
layer,  desquamating;  g,  Lli-er  whotw  l>ase  i.*  infiltratud  with  cells.  (Stained 
with  hiematoxylin.    Maguifii'd  23  diiiint'ters.) 


The  dissolution  of  the  tissues,  which  \h  dcsigtmted  as  suppuration,  is 
only  possible  on  condition  that  they  die.  Tliis  tissue-necrosis  is  gener- 
ally present  even  l)ef<»re  the  occurrence  of  sujipuration,  and  is  produced 
by  the  specific  action  of  the  producer  of  inflnnnnation.  The  ti.ssue  may, 
however,  die  only  during  the  course  of  the  iaflammat4>rv  infiltration  and 
tlien  liijuefy. 
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If  an  aronnnilatioii  of  jms-foqinscles  is  associated  with  an  altiitidant 
<H>lle<'ti«»u  nf  fluid,  iIjpiv  iHt-nr  sero-purulent  exudates.  w)iifh,  infiltrat- 
iii^  the  tisHues,  give  rij^e  to  a  eondition  whirli  is  often  ^'iillfrd  purulent 
oedema.  When  a  piinilent  or  a  sero-imnilent  iuMaiiiiiiatioii  t>prna<bi 
nipidJy  <»ver  wide  ai-eiLs — for  exmiiph.%  over  a  large  portion  of  the  snl»eu. 
tancons  or  any  sul>niiu*<Jti-s  tiswut. — the  proee^is  is*  called  phlei;^on.  It 
lead>^  often  to  the  fonuatiou  of  ext^Misive  puK-cavities,  in  wlxich  there  lie 
shreils  of  breaking-down  tissue  inftJtrattnl  with  pus. 

Tlie  ass<H'iatioii  of  Kennis  exuilation  and  tlep<»sition  fif  fibiin  with  sni>- 
pnration  le^ids  to  Uie  formation  of  fibrino-purulent  exudates;  luid  botli 
effusions  into  the  lfo<|y-«ivitiesand  meningeal  exndates,  as  well  aseronp- 
<»ns  exndrttes  on  muenus  menihraneH  and  in  the  lungs,  nud  alwi  phleg- 
mons mav  iH'ar  this  eharaeter ;  x*^X  it  is  to  be  noted  that  with  iuerease  of 
suppuration  the  formati<fn  of  fibrin  d(vrea«es  and  the  masses  of  eoagu- 
lated  material  pres^-nt  diss(»Ivi'.  The  masses  of  liVirin  inftltrKtvd  with  pus 
present  a  whitt*  appewanre  and  are  readily  friable. 

The  suppurations  and  the  assiM'iated  formations  of  abseesses  and  ulcers 
are  genenuly  eansiij  by  bacteria,  and  most  freijueutly  bv  the  tStaphtf- 
lococrug  pyojfpiieji  aumiM,  the  HtrtptororcnH  pifoffeHtit^  aiul  the  gmior*>rrHg 
(gonorrha'al  virus).  Yet  suppurations  are  not  rare  whieli  are  eaused  by 
artinomyrftfs,  or  by  tli»*  liurillttH  ttjfthi  tiMomimili.s,  or  the  I>iplocorcus p»i*'U- 
Mo$tife,  or  the  JSarft^riu/u  roli  ntitiitiiiut:  Sta[>hyloeiK.'ci  generally  "'ause 
Joiftdized  intlanimations;  strept<H-ocri,  on  the  other  hand,  pldegmouous. 
The  prescnee  of  certain  ba^^teria  {liocUlus  phh*ijmonfn  tmpUy»etnotfnnty 
Friiukel)  may  cause  the  formation  of  gas  ((faH-phfu/mon).  8nppunilion  is 
sometimes  ei^-togenons.  sometimes  Inniihogenous  or  ha'matogeuous,  and  in 
the  last  case  often  l»ears  the  characters  of  a  metastatic  pi*ocees  (Fig.  1(»1). 

Amf>ng  the  chemical  substances  which  may  lead  to  suppuration  when 
iutrodu<*XMl  into  the  tissu<*s  are  menniry,  oil  of  tuqH-ntine,  petrolemii,  5-10 
per  cent,  sidutions  of  nitiiUe  of  silver,  creolin,digitoxin,  dilute  croton-iiii. 
sterili7>'rl  cultnres  of  a  variety*  of  bucti^na,  in  which  latter  the  bacterial 
pi-oteins  are  the  active  agents.  The  suppurations  produced  by  chemical 
substances  <liffer  from  the  infectii>ns  by  healing  mr>re  ivadily,  >iy  not 
spremling  in  the  tissues,  nor  fonuiug  metastases,  and  by  their  producta 
hwking  xindence  when  inoculated. 

§  100.  As  was  explained  in  §99,  suppurative  inflammation  nlways 
lea^ls  to  tissue-uecrf mis ;  but  tins  necrosis  is  again  immediately  lost  sight 
of  in  the  presence  of  the  iiipiefnction  and  dissolution  of  the  tissues,  which 
form  the  cliarwteristic  ftHtnn'  of  HUp]>uration.  Wlien  the  action  on  the 
tissues  is  of  a  different  sort,  it  may  h-ad  to  a  tissue-necrosis  of  larger  cx- 
t4'ntw  visible  to  the  oy*'.  which  is  not  followed  by  s»i|>purfttion.  but  which 
rather  is  characterized  by  the  fai-t  tJiut  the  necrotic  pieces  of  tissue  re- 
main uneliHugetl  for  a  time,  and  only  relatively  late  an*  sei»arate<l  by 
se<iu<'stration  and  dcs^juaumtion,  <»r  are  gotten  rid  of  by  absorption.  As 
the  rissuc-nt'crosis  here  tVmns  the  dnef  feature,  one  may  fittingly  call  the 
disease  a  necrotic  inflammation. 

Tlio  tissuc-nccrrisis  assoriiitrd  with  iiifljiinmntiini  may  also  be  causc<l 
by  caustic  chemicals  and  hifch  or  low  temperatures,  and  bv  ischfemia, 
mid  also  l»y  infection;  an<l  there  aiv  special  hicUrm  {ImciUi  of  typhoid, 
diphtln'riu,  and  dysentery)  which  cause  tissuc-n^'crosis. 

Caustic  chemicals  prtHlucc  ne<'rosis  ciiietly  on  those  tissues  witli  which 
they  first  come  in  conta<it ;  but  mjiny  substances  (sublimate,  tbe  salt**  of 


NECICOTU'  INFLAMMATIONS. 


279 


rliroiiiH*  in-id,  raiithHridiii )  may  "uly  exert  a  necrotic  effect  after  their  diffu- 
sion thr<nigliont  tli*:*  ImkIv  liy  llit*  hloml  and  tissiic-juiccs;  tliis  effe<!t  show- 
ing itself  ('siH'citiUy  ill  tlm  kidiu-ys,  the  diuits  leatUiig  from  tlu'in,  ami  tlu* 
iut^'stini',  wlieri'  tlit-y  are  f xtiretcil.  Hat'ttM-ia  produce  uecrosis  at  thr  spots 
wliei'e  thi'v  multiply  and  whert'  (in'  puisoiums  snbKtaiir<'.s  formed  by  them 
aiv  ooHwlU'd  ill  a  (-oneentrHttMl  conditinti. 

Thi^  m'lirnsis  of  tho  tissue  inay  HiJpcjir  iiiniUMUHtely,  as  the  first  effect 
of  the  injurious  aetinn.  wliile  the  intiamiuiitfjry  exudation  only  t«kes  plaee 
later,  and  is  eoiifinetl  to  the  iv^iou  adjoinini^  the  ne<*rosis:  and  this 
oeeurs  e,spe4naliy  afUT  the  aetiou  of  eaustir  sulistanees,  after  exposure  U> 
a  hisrh  t-emperature,  and  in  isrhannia.  In  otlur  eases,  whieh  l>elon|f  chiefly 
to  the  infe^'tions,  an  iiitlnmnmtion  is  first  estaMiNhiHl.  a\u\  then  jiftcrward 
Tiefli*osis  afftnrtji  the  inHanieO  ;ind  iiifiltrattMl  tissue.  In  tuln']-i*iiljir  infec- 
tions Uu'  ncci'OHis  appeals  only  afU'r  the  tissue-prolifer«ti<ni  has  developed 
and  has  exinted  for  some  time. 

Necmtie  iutlamniHtinns  are  most  often  oliiser\'ed  on  tlie  mueons  mena- 
Urancs,  and  are  here  ^i-iii'riilly  ealled  diphtheritic,  |)artifulaHy  lliosi- 
whieh  aiv  e-»ius*'(l  Iiy  tnlVetiim,  Tlie  necrosis  may  here  affeet  at  first  the 
epithelium  only,  whieh,  u^  a  result,  loses  its  nuclei  (Fig.  Iti.'i,  h),  and  Inter 
Heipiiiva  ft  flaky  ap]>4'araiiee.  If  whit^!  optwine  patehes  form  on  the 
mucous  memV»rane.  as  in  the  pharynx  in  <liphthena,  one  may  sjteak  of 
I'pithf'hnl  or  stiperficinl  ili/ththfrifis.  Onlinarily  the  t^Tm  'Jiphffnyifis  in 
ai)pliiMl,  however,  only  to  tissue-neerosis  in  wliieh  fh*-  hiihtmni  uwi  iujil- 
truh'ti  fissuf  tnifhnjnps  ufrrosi.t  (Fiij.  l'>4-.  a)  and  elnmLn-s  into  a  Inmpy  or 
^iiinnhir  iniiss  without  nuclei,  or  a  nither  honmt^enfons  mass  eonfiuninji 
tihrin,  in  whieh  the  structure  of  the  tissue  cau  no  Itmger  he  rwo^nized. 
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Fig.  103.— Nwrofiifl  of  the  epithelium  of  the  epifflottia.  a,  Livinsr  epitheHum 
with  well  staineil  nuelei ;  ft,  Nern»tic  epitheliiitn  with  iiiistainecl  mu'Iei ;  c.  Leuco- 
cytes siliuited  in  the  epithelium;  d,  Hvpenemie,  infbiiiied,  and  iutiltrntod  eon- 
nefltive  tissue.  (Pi-eparntiun  hardened  in  Miillers  flni<J,  stained  with  hflemu- 
tuxylin,  aud  mounted  in  Canada  balsam.     Mapiufied  3()0  diameters.) 


Diphthcritie  skmgrhinpfof  t)»c  tissueisinf  n  nmr^ons  Tnembrnne  is  observed 
particuhirly  often  in  the  intestine,  but  is  also  not  Inekinjj  in  other  mneons 
membt-an<'s.  as  in  those  of  the  vapna.  the  effernnt  urinary  passaires.  the 
region  of  the  throtit.  wlnM-e  the  tonsils  are  oftenest  nffeeted.  ete.  The 
ncci*otic  tit;sue  fonus  u  slough  that  is  white  or  ^rrayi-sh  white,  or,  fmm 
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wlniixUit'e  of  blood  or  bile.  t>r  ■►thrr  iiiiimrities,  is  stained  dtirk  git'on,  j-el- 
low,  or  brown,  or  any  other  iMilor.  If  a  long  time  has  elapsed  since  its 
formation,  anil  it"  tlicr*'  lias  tirt-urrwl  a  tissue-liquefat'tioii  on  the  border 
separating;  tin-  dead  from  the  living  tissues,  the  necrosed  pai-ts  form 
loosely  attached  or  4uiUt  trvv.  de|)Osits  ou  the  surt'aoe  of  the  niu<'oii8  mem- 

l)mne ;  t^iese   deiMJsits  eon- 
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sisting  sometimes  only  of 
small  partieles  or  ffranules, 
siunetimes  of  quite  htrge 
menibnmes. 

Fio.  irO.— Baiillar>-  diph- 
theritis  of  the  large  integtme 
(dysent^rj*)*  «t  Neorotic  por- 
tion of  the  irlandular  layer  of 
the  maeosa,  intiltrnted  with 
haeilU;  b,  Ueniainiu^''  intlumed 
miHMJsa  ;  c,  Museulnrii  inuc«»- 
see ;  rf,  Submueosii ;  e,  Swamis 
of  bacilli;  /,  (ilands  with  epi- 
^  tluliuiii  still  prost-r^ed ;  jy, 
^  Glaud   with  necrotic  epithe- 

c- 
ith 

\ 

lit, 

bul- 

dianie- 

"'      ^  lerx.) 

Di]*litheritis  of  mrvim:*  nienibranes  may  iilsf*  be  Hssoeiatt-d  with  enmjK 
ous  depfJsils  {V*'\^.  Ifi.')  r,  (/),  so  that  the  tissue- ueerosis  (*/)  may  b*;  tu>vered 
with  fibrin  exeretion  (r). 

Fig.  165.— Section 
of  the  uvida  in  pha- 
rymfeal  diphtheria 
with  eronpouH  de- 
posits, rt,  Normal 
epithelium;  ft,  Con- 
nective tissue  of  the 
mucous  niembmne ; 
c.  R4'tieulut<'d  fibril 
f/,t'onneetivetiHMnenf 
the  nmcoMJi,  inliltrat* 
ed  with  eoHgidated  fi- 
brin and  round  fells, 
aad  partly  necrot- 
ic; tf,  Blood-vessels: 
/.  Kieuionlin^i- ;  r/, 
Masses  of  inicrooocci. 
(Preparation  stained 
with  ftniUnc  l>rown 
and  mounted  in  Can- 
ada balsam.  Majfui- 
flod  75  diameters.) 
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Acute  tissue -necrosps  caused  bj'  infection  ai*e  obsen*e<l  in  the  interna] 
organs — <*hi*'tly  in  tlie  lyinjiliarie  glamlti,  tlie  splfen,  and  tlie  l>one-niar- 
ixtw — anil  ai-e  t'liaractevized  by  the  tVtnimtion  ot*  partly  opa^jue  gra^^nsh- 
white  or  yeUowish-whit4.'  or  dirly-gi*ay  sloughs. 

Ill  the  neoivsis  oausi^i  hy  tuht^reuUtfiis  iha  destnietion  of  tJie  tissue 
oet-iii's  tmly  grailuaUy  and  l>ears  the  character  of  a  caseation, 

Wlicn  an  inrtaiiimatory  foous  contains  bacteria,  whidi  excite  a  putrid 
decn]n(Misition  <if  tlic  albuiiiiuoid  bodies,  the  iiitlaininntion  may  also  bear 
a  gangrenous,  foul-smelling  character,  tlie  tissue  then  decoinposiu^'  into 
a  dirty-gray  or  black  tiuder-likc  nia^.s,  which  gi'iidually  dissolves  and  ex- 
haU-s  an  cxtrvint-ly  <lisaffi-pe«ble  odor.  (ia8-bu))blett  are  also  Kometimes 
developed  in  the  focus. 


II.  The  Processes  of  Repair  Associated  with  Inflammation. — Forma- 
tion of  Granulation  and  Cicatricial  Tissues. — Absorption  of 
Exudates  and  Tissue-Necroses,  and  Substitution  of  Connective 
Tissue  for  Them. 


^  101.  Wlifu  an  iiitliininuitiim — that  is,  n  tissne-dcfrencration  asso- 
ciated witli  tonnatioii  of  exiniat< — exists  in  any  tissue,  tliere  always  arise, 
earlier  or  later.  proefHscs  whose  object  is  to  remove  the  clmnfjes  estab- 
lished and  Ui  restore  the  degenerated  tissue,  and  which  must  therefore 
be  regarded  as  processes  of  repair.  If  tlie  cause  which  has  excite<l  the 
iiitiaiinriatioti  is  no  longer  present,  these  processes  cxiusist  really  in  this: 
that  tlic  pathologii-al  exudation  ceases  and  is  i*eplaced  by  a  nornud  vas- 
cular secretion;  that  llie  cxiahih-  jtrcseut  an*!  tlie  nccn>sed  tissue  are 
absorbed  or  cast  out;  and  that  the  tissue  destroyed  is  restored.  If  the 
excitant  of  the  intlaniniation  is  still  present  and  active  in  the  tissue,  thin 
must  also  be  exereti'd  or  ri'iuleivil  inert. 

Tile  cessation  of  the  alteration  of  the  vascular  walls  is  attained  by 
snpjilying  noniud  blood  to  the  injured  vessels,  so  that  their  nntritiim 
again  iH-eomcs  nonrud.  If  the  aItcr.^tion  was  slight,  ami  if  the  excitant 
of  inJianiniatinu  acted  only  for  a  .'^hoi't  time — if  it  is  the  case.  f(tr  example, 
only  of  till'  brief  aeti<in  of  a  trauma  or  high  tcniperatni'e  or  a  chemieal 
substuuee  tbal  was  quiekly  reiuoved — ivstoratiou  of  the  vessels  nuiy  also 
result  in  a  short  time — i.e..  in  a  time  tliat  may  I)e  mea-sured  in  minutes 
ami  hours. 

When  the  excitant  of  inflammation  act*  for  a  consideralde  length  of 
time,  as  in  the  ease  of  bacteria  which  remain  ami  multiply  in  the  tissues 
for  some  time.  4»r  if  changes  are  established  by  the  inttammation  itself 
which  aet  in  such  a  manner  as  to  alter  the  vessels— if  there  has  \H;en,  foi- 
example,  a  tissue-uecrt>»iK — the  vessels  eoutium'  for  (piite  a  long  time 
to  ex]M -ricnee  an  injury  which  hinders  the  conijtletc  restoration  of  their 
functions. 

The  absorption  of  the  exudates  occurs  in  many  cases  easily  and 
quickly,  because  it  is  t^iken  up  by  the  lymphatic  ciivulation.  It  occurs 
most  cpitekly  in  serous  exudates;  yet  in  many  places  tihrinous  exudat-cs 
also  nniy  be  <piite  rapidly  removed,  but  oidy  when  the  eoaguia  soon  hquef>'. 
Firm  tUltrinous  exudates,  as.  they  occur  cspeciaUy  on  serous  surfaces,  and 
also  large  eollections  of  pus,  generally  offer  cnuHiderablc  resistance  to  ab- 
sorption, Hn<l  ai*e  the  cause  of  the  prohuigeil  (bn-alion  of  the  iidlamma- 
tion,  although  the  character  of  this  may  change  from  what  it  was  at  fii*st. 
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In  very  many  cases  absorption  U  nceomplislied  by  the  simultAneous  sul>- 
stitutiou  for  tlie  exudate  of  embiyonic  tissue,  which  is  converted  later 
into  connective  tissue. 

The  sequestration  and  absorption  of  necrosed  tissue,  with  the  exec])- 
tion  of  the  casting  Im^se  uf  dead  Hi»itlii'li»nn,  wliich  imty  lie  very  quickly 
accomplished,  always  requires  a  lung  tunc,  which,  ln»wever,  vari*'s  very 
considcTjibly  with  the  nature,  sitimtirnx,  and  extent  of  the  dead  tissue. 
The  iutlatuniation  jxcueraUy  lust**  as  lon^  as  nci-nvtic  tissue  is  still  juvs- 
ent.  Suprrtirifil  uerrosfd  ti.<suf,t  wdff  he  cast  off  ofif-r  the  a^paration  of  the 
dentf  from  thf  firintj — '\.i'.^  after  sequestration.  In  decp-scatwl  tissue-necro- 
ses, in  which  the  tissue  does  not  so<»n  undergo  total  liquefaction,  ahsoi-p- 
tion  is  generally  slow,  rind  is  jjeifttrrned  by  a  gratlual  substitution  of  liv- 
iug  tissue  for  the  dcjuL 

The  regeneration  of  degenerated  tissue  is  de|K'ntlcnt,  for  it»  on-ur- 
reuce,  ]>artly  on  tlic  ilfgrct*  and  extent  of  tlie  degeneration,  partly  on  the 
natm-e  of  the  tissue,  partly  on  the  mode  of  action  of  the  excitant  of  U»e 
iuthiiniiuLtion. 

When  tilt'  tissue-cells  in  the  neighborhood  of  the  iiiflannnation  are 
only  slightly  degenerated,  they  can  soon  be  restored  when  the  nutintion 
is  norrnal.  When  single  cells  liavc  l>ecn  destroyed,  but  the  organization 
of  the  whole  is  not  damaged,  in  most  tissues  a  rapid  renewal  of  cells  by 
regtmerative  growth  of  the  remaining  cells  may  occur.  This  is  the  ca.se 
]>artieidarly  in  the  various  eonneetive-tissue  formations,  the  supcrfteial 
epithelium,  the  liver,  and  the  kidneys;  while  gangliou-cells,  bone-cells. 
cartilage-crll.'i,  and  heart-musele  cells  po.«scss  cither  no  power,  or  at  most 
a  very  slight  power,  <>f  regeneration  (cf.  8eetion  V.).  Mxtensive  tissue- 
destructions  with  solutions  of  continuity,  wounds,  fractures,  snjtpura- 
tions^  nw^rosing  intlanimations^  etc^  lead  to  tissufMicvelopmeuts,  whieh 
are  indeed  competent  to  repair  tin*  defect,  Iwit  whieh  lead  g*'iiendly  not 
to  a  restoration  of  the  normal  tissue,  but  to  the  formation  of  a  detoHiv 
rated  tissue,  that  is  called  in  its  young  condition  Kranulation  tissue,  in 
its  complete  development  cicatricial  tissue.  Of  the  same  character  is 
also  the  tissue  which  is  substitutcil  in  tlie  course  of  time  for  the  exudates 
that  are  not  ivadily  absorbed,  atul  for  the  tissue-necroses. 

With  the  4u'currenee  of  ivgenerativc  grnwth  and  gi-auulation,  a  new 
phenomenon  ai)i)eaT's  in  the  i-ourse  of  intlammation,  and  gives  ti*  the  iu- 
rtiiuunation.  later  on.  a  speeial  character,  so  that  one  calls  it  a  proliferat- 
ing inflammation. 

Tlie  phenomena  of  proliferation  begin  in  inflamed  tissue,  at  the 
earliest,  after  eight  hours,  bnt  are  generally  fii-st  eh-arly  recognizable  after 
twenty-four  or  forty-eight  lioui-s  luu'e  elapse<l. 

They  occur  in  geucral  the  more  quiekly  the  milder  the  iuflamiuation 
is  and  the  faster  the  pathrJogieal  exudation  is  subdued  or  diminished. 
Suppuration,  necrosis,  and  gangrene  of  the  tis.'iue  hiiuler  its  prolitVnition, 
and  retard  tiie  beginning  of  rcpnir  proportionately,  or  at  least  coutine 
the  reparative  processes  to  the  neighboring  tissues. 

Ever)'  tissue  capable  of  growtli  furnishes  formative  cells  only  for  tis- 
sue like  or  closely  allied  to  it.  Pus-corpuscles  arc  not  fornietl  from  tlie 
tissue-cells,  bnt  cells  newly  developed  from  the  tissue-cells  by  proliferation 
may  become  mixed  ^^ith  the  cxTidate.  degenerate  in  it.  and  die.  Thus 
not  lUl  cells  newly  devehiped  by  |>rolifenition  can  fidtil  their  function  of 
producing  new  tissue. 

The  removal  of  the  excitant  of  inflammation  takes  place  vety  differ- 
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eutly  iu  different  eases,  aiid  il(*p<*iul8  in  the  first  plaee  on  Uio  nature  of 
the  excitant.  Many  ti*iniiiiatisiu8  aud  tlifi'iuio  i!iiliit'iK_-e8  act  for  only  a 
ver>'  short  time,  and  luivi*  n<»  further  inlliu*neo  on  tlic  Inter  etturse  of  the 
inllaniniation.  Many  Hiibstances  whicli  art  ehenjirally  may  l>e  quickly 
taken  up  hy  i\w  tissue-juices  aud  luade  iuert  or  exereted,  while  others 
renmiii  loeally  aetive  a  longer  tijne.  Of  f]w  bneteria  which  [ir(»duee  in- 
tiamiimtiou,  many  die  soon,  while  others  rcnuiin  and  eoustantly  fonu  new 
gtMU^ations,  whit-h  nls<»  continujilly  n'ut'w  iiiflanniuition  ;  pern'rally,  it  is 
ti'ue,  in  sueh  a  way  that  in  tlm  first  di.si»jus('d  f»H*ns  tlic  iiiHainniation  su>i- 
sides  and  hfaJiiijjr  Iwf^ins,  while  iu  the  neighborhoo<l,  or  eveu  iu  distant 
regions,  nietfli^tatie  inflammations  devulop. 

On  aeeount  of  the  jn*»'at  variation  whieh  exists  both  in  the  nature 
aud  the  qiialitifs  of  theexi'itant.'^ot'  iiillnmniHtion,a.s  well  as  in  the  eoiu-Hei 
of  tlie  inrtammatory  tissne-deg<iurations  aud  of  the  exudate,  aud  iu  thn 
course  of  llie  iimeesse-s  of  repair,  it  is  eiisy  to  eompreheiul  that  the  wliolo 
I»ri)^eKS  of  an  ititlaninuitiou  to  the  final  liealiufr  )nay  be  of  a  very  differ- 
ent ehtiraeter  in  different  eases,  so  that  all  the  different  possibilities  of 
its  eourse  ran  liardly  lie  reviewed.  At  tin-  sann-  tinu:  it  is  not  diftienlt. 
to  eoujprehend  tlie  deeline  of  the  various  Innns  of  ijiliainniatiou.  I>eeause 
ultimately  the  entire  priMsess  is  always  nuuU'  np  *«f  similar  ]>nK*esses — 
i.e.,  (►f  tissue-desTfurratious  and  patluilo^iral  i-xndatrs  that  form  tlui 
essenre  nf  iuilaunnalioti.  and  ai'  priwcsses  of  repair  that  arc  ajipropriato 
for  there  nioval  of  the  disturbanees  established  li\"  the  intianinuition. 


Many  authors  consider  the  tiKstH^-proliferatiotifl  which  ariso  thrnn^  the  conrse 
of  iritlauimHtion  as  hUo  constituting  an  essential  part,  of  inthinunation.  For 
example,  Nfumami  groups  under  the  term  iuflamniatioa  all  thoso  phenomenii 
which  develop  locally  after  a  primary  ti.Hsue-lesifvn  juul  are  directed  to  the  heal- 
ing of  this  lesion.  If  thi^  bo  so,  reijeneratiou  forms  the  most  iniportnut  part  of 
the  iurtamuiatory  process,  for  it  is  pj-ei'mint-utly  fitted  to  reittore  the  defect  of 
tissue  eaust'd  l)y  the  primary  tissuu-lesii)U,  or,  a.*<  Neumann  wiys,  the  uninter- 
rupted coatuiuity  of  the  tissues.  Sueh  nii  itlentiflealiou  df  inllammatii-tu  with 
tissue -regeuerali on  I  hold  as  inadmissible,  iu  the  first  place  becaaso  tis»uo-re- 
g^uerations  occur  which  cliDJcaliy  and  aiu»toroicalIy  in  no  way  bear  the  charac- 
ters of  an  inflammatory  process.  Then  also  the  inflammatory  pathological 
exu<lateH  cannot  be  re^irded  as  a  pheuomennn  ihnt  can  he  compared  to  re- 
generattim,  and  that,  like  il,  has  fur  an  end  the  healiug^  of  a  primary  tissae- 
lesion,  Even  if  they  may  iw^t  henigrnly  in  iuiliWdnal  cases,  yet  tlus  is  not  always 
the  case.  They  cause  much  more  often  serious  diima^es,  which  increase  those 
established  by  the  primar>'  tissue -I  oaiou,  aud  often  enough  they  form  hindrauoes 
to  the  early  beginniug  of  IteaHn^. 

In  my  opinion,  all  processes  of  healiup^  includiutr  also  tisaue-prolifemtion, 
should  be  separated  from  iniiammatitin.  ns  not  pertinent  U*  tlie  esMential  nature 
of  inflammation.  At  the  same  time  one  may  properly  speak  of  infinmnmtorti  tis- 
8»e-(/roicth  or  of  proliferating  injlammation,  for  by  these  tenns  are  understood  tis- 
8ue-growtlis  which  are  connected  with  inflammation  and  ruu  their  course 
simidtjmeously  with  progressing  inflammatory  extidation.  or  intlatnniatious 
during  whose  course  regenenitive  tissue-grfiwths  have  already  developed. 

§  102.  The  granulation  tissue  whieh  forms  in  the  eourse  of  numerous 
iuflamuiatory  proeesses  exhibits  uothiny  else  than  an  embryonic  tissue 
forn»ed  by  eell-proliferatinn  and  infiltrated  with  leucocytes.  rrinuiriJy 
the  tissue  consists  aetually  of  rfJlM  and  ttewltj  fofmnl  j'e.s.s'(A*,  whieh  at  iii-st 
rlej>eiul  for  their  support  upon  the  jrronud  substance  of  the  tissue  from 
which  they  develop,  but  soon  form  for  themselves  a  new  ground  sub- 
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The  cells  of  {granulation  tissue  are  partly  liypertrophied  tissue- 
cells  {Fig.  166,  h,  Cj  d)j  partly  mono-  aud  polynuclear  leucocytes  (Fig. 
166,  a,  rti).  lu  most  cases  the  hypertrophied  cells  are  connective-tissue 
cells,  which  later  on  produce  connective  tissue  {Fig.  166,  rf,  e),  and  may 
therefore  be  termed  fibroblasts.    Granulation  tissue,  however,  may  con- 


Fio.  166. — Isolated  cells  from  a  wound-granulation,  a,  Mononuclear  leuco- 
cytes J  fli,  Polynuclear  leucocytes ;  6,  Various  forms  of  mononuclear  formative 
cells ;  c,  Binuclear  formative  cells ;  ci,  Polynuclear  formative  cells ;  d,  Forma- 
tive cells  in  the  stage  of  connective-tissue  formation  ;  e,  Completed  connective 
tissue.    (Stained  with  picrocarmine.    Magnified  500  diameters.) 


tain  the  offspring  of  other  tissues,  e.g.,  of  periosteal  tissue,  medullary  tis- 
sue, muscle-tissiie — or  osteobhisfs,  cJwndroblasfs,  aud  sarcoblasis — w^hich 
are  able  to  form  bono-,  cartilage-,  and  muscle-tissue.  There  may  also 
be  found  :  in  or  upon  the  gramilatiou  tissue,  within  newly  fonned  glands, 
glamhtJar  epithelial  celh;  in  mucous  membranes  and  the  integiiment,  corer- 
iny  epithelial  cells;  and  these  are  able  forthwith  to  form  epithelial- tissue 
structures.  The  formative  cells  of  gi-anulation  tissue  may  move  away 
from  the  places  of  their  origin,  and  are  thus  in  a  certain  sense  icandetitig 
cells.  In  the  formation  of  connective  tissue  they  take  on  the  most  varied 
forms  (Fig.  160,  c,  d,  e).  Sometimes  polynuclear  cells  also  form  (o)- 
They  are  distinguished  by  their  large,  bright,  oval  nuclei,  which,  being 
less  deeply  stained  by  imclei-staining  dyes,  are  thus  distinguished  from 
the  nuclei  of  leucocytes,  which  are  very  deeply  stained.  The  formative 
cells  of  connective  tissue  are  often  termed  epithelioid  cells  on  account  of 
their  resemblance  to  epithelial  cells. 

The  leucocytes  of  granulation  tissue  are  cells  that  have  migrated 
from  the  blood-vessels,  and  from  their  presence  it  may  be  concluded  that 
the  inflammatory  exudation  from  the  vessels  still  continues.  Their  num- 
ber may  also  be  regarded  in  general  as  an  index  of  the  degree  of  the  still 
existing  inflammation,  which  complicates  the  recovery. 

The  blood-vessels  of  granulation  tissue  develop' by  sprouting  from 
old  vessels  (cf.  Fig.  132),  aud  permit  one  very  soon — indeed,  at  the  time 
when  an  emigration  of  lexicocytes  occurs  (Fig.  1G7,  h) — to  recognize  pro- 
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cesses  of  ]>rr>lifei-atioii  (n);  ami  in  tlip  formation  of  granulation  tissue 
they  takt.'  un  n  vei-y  lively  gi'owtli.    The  young  embryonic  tissue  is 


Vm.  Ifi7.— Blootl-Vfssfl  from  the  deep 
layer  of  the  skin  cut  t^^ns^'e^se!y,  forty 
hours  after  paintingr  the  skin  of  a  rabbit 
with  tiiifture  of  iodine.  «,  Kndotbelial  cells 
with  uiit»js*-s;  6,  /j',  Lencooytes.  (Prepara- 
tion fixwl  in  Fleniining'rt  arid-mixture  and 
stained  with  Bafranine  and  picric  acid. 
Jlagnitted  350  diameters.) 


^4, 


in  coiiseqiienee  supplied  with  luiusuaUy  abundant  vessels,  which  make 
it  rtppear  nnl.  At  thv  time  of  the  clump'  of  the  ^aimlatiiui  tissue  into 
C4UiuectivL'  tis!<iu'  or  cicatricial  tissue  an  nhfitertfihit  of  thf  vesiteh  oeeuitj, 
and  with  it  a  blauchiiij.'  ^d'  thi*  cicHtiix. 


§  103,  If  tin  open  wound  occurs  on  any  jtart  ctf  tlie  surface  of  the 
body,  and  if  it  ir*  tiot  infected  by  tmctoriaor  seriously  injured  in  hijv  idber 
way,  ihs  walls  and  basi-  nfter  twcnty-tonr  hoiir>i  appear  dwply  ri'(UiiMnHi 
and  somewhat  t;w*dk*n.  One  can  Htill  rdearly  recognize  the  individtial 
coniprments  tjf  the  tissnt',  oidy  the  tissue  appears  pomewliat  inHltratod, 
and  ht.*rt*  and  there  one  sei's  small  sluyils  of  necrotic  tissue.  On  the  see- 
niid  day  Mic  li'ehitinous  e*>ndition  of  the  tissues  is  more  ap]>ai'citl.  The 
limits  of  the  indi\iduaJ  tissuc-clcnients  arc  confused,  the  color  irrayish 
red.     On  the  wound  lies  a  reddish-yoUow  fluid.     After  the  semnd  day 

there  ap]>ear   over  the   whole 

JrtiV  ,;:■'■  •  •.''i>,  ■'  '-'•'.•';"  '■    ■■  wnnml  >nn\ll  red  papules, which 

i->^-  ,'•'    ;  »■ ,' ;  ^V  J*  l''-     ."  ■  .    ,  ^  ^      rapicUy  increase  in  number  and 

>%'•'»*'■  ■■*;'■■-(        s'2*?i    become    eonflueut,    and 

■'  ■-  ^  .^,s,-^t'\\i'  "■■        after  two  or  three  days  form  a 

,*\Vif*. ^'*'^';'.       j^nvinular  re<l  surface — :i  gran- 

"'"*:"'-    **^'|       ulation  surface.     This  is  eov- 

■  i        i-Vfd  witli   iimre  or  less  abnii- 

'  '^''''•V'*''  "*'       dant      wnund-Hci-rction,      that 
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pable  4d  fiii-ther  de\'el4ipment, 
undergi>  destruidiou, 

Fio.  IfiS. — Woimd-granulatious 
from  an  open  woimd,  with  flhrino- 
piLTulcnt  surface  deposit,  n.  Gran- 
ulation tissue ;  6,  Finrino-pundcnt 
layer;  r.  Blood-vessels.  (Prep- 
aratioTj  hardened  in  Miiller's  fluid, 
staiiicii  Willi  bicmatoxyhn,  ana 
mounti'd  iu  Canada  Halsam.  Mag- 
nified tr)0  dinnictt-'i*s.) 
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opposiug  surfaces  of  the  wound.  Thero  also  occurs  ven'  often  an  inflam- 
niaturj-  iuiiltration  of  the  edges  of  the  wound,  whicli  varies  In  degree  in 
different  cases,  and  when  the  course  of  repair  is  aseptic,  it  is  never  very 
extensive  (^,  h)j  being  greatest  about  tiie  0eeon<].  tliird,  or  fourth  'day, 
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Fig.  iGfl. — Rt^pair  of  an  inoiM*d  wound  of  the  skin  unitwl  by  siitiire.  Prep- 
aration showR  condition  on  the  sixth  dwy.  a,Epi<h'rmiK;  fc,Coriuin^  c, Fibrinous 
exudate ;  th,  Bloo<ly  t?xudate ;  d^  Newly  formed  epidenm!!,  wliicU  coutam!>  numerous 
figures  of  dLvadinj;  nuclei  and  hnn  pings  of  epitbetium  driven  into  the  subjacent 
exudate ;  e,  Karvokinetic  figures  in  epithelium  remote  ffom  the  incision  ;  /,  Grow- 
ing embryouic  tissue,  which  develops  from  the  coimeciive-tiiiisue  spAcei)  and  eou- 
taiHK  cells  with  karynkinetic  figures  and  some  vessels  with  proliferating  walU; 
y,  Proliferating  Huihryimic  tissue  with  leu4MH'yt^a;  A,  Cnllenlion  of  Ieue.o<\vteB  in 
the  deei»f  st  angle  of  the  woiuid  :  i,  FihroblasU  lyinjr  within  the  exudat-e,  one  with 
a  kar\'oluuclic  flguro  :  A-,  Sebaceous  piaiiJ ;  /,  S'weat-^land.  (Preparation  hard- 
ened in  Flemmiu^^B  acid-mixture,  stained  with  Baframne,  and  mounted  in  Canadii 
bolaam.    Magnified  80  dianietei's.) 


growing  less  from  the  fifth  t4»  the  seventh,  and  eonipletely  disappearing 
at  or  8o«>n  after  the  end  of  the  Recond  week.  The  inflainniatory  infiltra- 
tion is  generally  greater  in  the  ueighlMtrhood  of  the  wound-sutures  than 
elsewhere. 

As  early  as  on  the  second  day.  regenerative  proliferative  processes 
begin  in  the  conneetive  tissue  and  vessels,  and  lead,  in  the  course  of  sev- 
eral days,  to  the  formation  of  an  enibiyonal  tissue,  which  is  situated  partly 
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in  tJi<>  K]iiu!(*i«  of  tho  iM>nnt*(rtivo  tiKKiie  at  the  ed^R  of  the  woimd  (Fii;. 
Kiy,  /).  j»;irtl,v  in  the  injeii  spacrf*  of  the  woimd  itself  (i) :  rtud  bt'iv  the  new 
tissiU'  ^I'luliiiiUy  p^itu-s  intd  lliu  4'oagnlatio!i-inasK  whirh  is  piTseiit,  itml 
ly'lihipfH  il.  In  (liflfcrt'iit  jtjirtw  of  the  woiiiul  this  tissue  is  usually  pr»->-m 
iu  veiT  iliflFiTciit  nuantity  (Fig,  I(>9),  and  iiuiy  Im*  eiilirely  ahsefit  iu  jihicfs. 
After  scAeral  (h-iys.  wln>«e  number  varien  (•oiiKi<l*Tal>ly  aecfii-diiig  to  tin 
tdze  nf  the  wouud^  the  thickuess  uf  the  exudate;  between  the  etiges  of  tJie 
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Yin.  170.— Cioatrix  of  skin  remaining  after  a  laparotomy  performed  au 
iiionilis  eRrlier.  r/,  Epithelium  ;  6,  Coriom  ;  c^  Epithelial  surface  of  llie  war  ;  rf, 
Denne  ronntietive  tissue  of  the  scar,  rich  in  cells ;  e,  Perivascular  foci  of  leupo- 
fv-tes  and  lar>fe  eonneetive-ti8sue  eetls.  (PreparaUou  hnrdened  in  alcoht>l  and 
Muller's  fluid,  and  stained  with  hsenmtoxyliu.    Ma^mified  16  diametera.) 


wound,  and  the  intensity  of  the  proliferation,  a  blending  takes  place  be- 
tween the  niass*»s  of  embryonal  tissue  that  have  developrd  from  the  ed|fea 
of  the  wound,  and  later  tliis  is  f(tllowe<i  by  a  formation  of  youn^r  eonnee- 
tive  tissue,  whieli  joins  the  edges  of  the  wound  t«pether,  and  at  the  shuw, 
time  extends  into  the  old  tisvsuc,  so  that  the  limits  between  old  aud  iiei 
grow  inon^  anti  mtire  dim. 

Wliile  e«)nnective  (issue  is  being  newly  formed  in  the  deptli.  the  epi-i 
theliul  eoveriug  roi  tin*  snrfiice  is  also  regenerated  (Pig.  169,  rf)  by  the 
<K'enrn'n<H»,  here  aud  thi-re  in  the  epithelial  covering  nf  the  w]g*'S  of  the 
w<»und.  td'  a  division  of  the  ejjithelial  (•ells  (</,  it).  As  a  ivsult  <»!'  this  (he 
i-pithelinrit  gnidually  pushes  aero.^s  the  exudate  in  the  wound-opening, 
oovers  over  the  young  embiyonal  tissue^  atid  aft4*r  a  time  again  forms  a  > 
horny  hiyer. 

Tlie  young  etmneetivc  tissue  of  the  cicatrix  that  unites  the  wlges  of 
the  wound  is  distinguishable  for  a  h>ng  time  by  its  riebness  in  eelL*  (Fig. 
170,  d).  tw  well  »s  by  the  finer  fibrillation  of  its  ground  substanee  frttm 
the  surrounding  ohl  futiuti-nus  tissue.  In  Inrge  ineised  wotnids  of  the 
skin  (Fig.  170)  one  oait  find  lii-ii'  «nd  there,  aftrr  the  lapse  of  wwks.  or 
even  months,  slight  Hppearnnees  of  pmliferntion  and  iiitlnninmtion  \r\. 
In  general,  however,  traitsformatiou  prt><'esses  develop  gnidually  in  thei 
blanehiiig  scar,  and  as  a  reKult  Ibis  new  tissue  a]tproiiehes  closer  and 
ehtser  to  the  normal,  until  finally  the  place  of  the  ineisinn  ean  no  btnger 
be  Twognized  {Fig.  170).    Wben,  however,  the  wound  heals  by  the  iiit«-r-j 
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position  of  abuiidrtnt  fiiiln-yonal  tissue,  n  \nck  of  the  pnpill«?  umy  i»ersi8t 
(Fig.  170,  r),  so  tliat  tlip  reg^i<»ii  of  tlif  wouinl  reiuaiuM  smooth. 

§  104.  When  an  adherent  layer  of  fibrin  (/>)  oi^enrfiou  the  stirfaee  of 
an  infimncd  serous  membrane  (Kifr.  171. 'M. granulation  formations  |feu- 
erally  (]evf4up  veiy  (jniekly  luidrrneath  it.    Thi*ir  first  hi'giuiiing.s  can  he 
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Fin.  171.— Fihriu-dopositantl  Ije^nninp* formation  of  |ri'H""I«t'onsina  flbriu- 
0118  pericarditis  five  <laysold.  a,  Epieardiimi;  i,  Fitn'inuus  iiiombrjuit' :  c,  Dilated, 
oonpfBtfd  blood-vessel ;  d,  Hound  i-ellsinfihrjiiting'tlie  tis.sue  ;  i".  Lymphatic  vessel 
filled  wiJii  CfUs  and  coa^nda  ;  /,  Foruiative  cells  ivitlnu  llie  dtposit.  (Prepara- 
tion hardfiiod  in  Midler's  fluid  and  stained  with  hmmatoxyliu.  Majrniiied  150 
diameters.) 


obwrved  as  eai'Iy  as  tm  the  fonrtli  day  after  the  formation  of  the  fibrinous 
deposit,  ami  they  eonsist  at  first  <if  t!ie  apjH'Mi'aiirv  nt  JihrobhtsfH  if)  in 
the  deepest  layent  of  lite  fibiin  mciiibi-nne.  TIim  tilirobhists  residt  from 
a  pritlltVration  of  the  tissui--crU.s  of  tin*  affi-t-ti-d  nu-mlirane,  these  eells 
having  wandered,  later  i»n,  to  the  surface  and  jR-ueti-att'd  into  tlie  civv- 
iees  fit  the  iiliriu.  Thtre  is  soon  addeil  to  these  pheuonu'iiu  a  new  for- 
mation of  blood- ve.ssels,  and  in  the  i'oiii*se  4^f  day.-i  or  weeks  thei-e  develops 
ou  the  snrfiw^e  a  VMsi'uhir  enibr\oiial  tissue  or  trranulation  tissue  (Fi^.  172, 
6,  t1),  wbieh  praduaily  rvplaees  the  fibrin,  but  often  ini'los*'s  remnants  (>f 
fibrin  (r)  weeks  later. 

Tlie  final  result  of  tlie  jn-oeess  is  the  formation  of  connective  tissue, 
whieh  eaiisi's  eitlier  only  a  fhirkevhuj  of  the  tibriu-eovei*ed  serosa,  or  an 
utihesioit  of  oppoNtiKf  sttrfitrt'xof  fhi  srrous  intmhr<ttit\  so  that  tin*  iujiaitntut- 
Hon  is  tn-mt<i  mfhrsinK 

The  ri'sult  ill  individual  eases  depends  jiartly  ou  the  abuudaneeof  the 
fibrinous  deposit,  partly  on  the  situation  of  the  affeeted  organ  and  its 
condition  duriiij^  the  jm-oeess  of  reeoveiw. 

Small  deposits  of  (ibrin,  limited  to  one  surface  of  the  serons  mem- 
bnine,  lead  only  to  tbi(-'keuin(j:  of  the  membrane,  which,  growing  pale  with 
the  disappem*anee  nf  the  vessels,  pn*s(*nts  a  white  thiekeninj>:  that  i.s  very 
often  ealled  a  mUk-^ntfrh  or  a  tnuliiunts  spot.  Firm  ^'luinjr  toprether  of  two 
Herons  laminif  by  an  abundant  deposit  of  fibrin  may  also  lead  to  their 
iHjeorainj^  unit4^d  by  abundantly  ih'veloped  eonm-etive  ti.«sue.  With  a 
smaJler  quantity  of  fibrin,  and  j-epeated  rubbing  past  one  another  of  the 
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inembi*ano)if,  i\un*o  are  frfin'ifllly  forniLMl  inily  loose  membranous  or  fila- 
uieiitnus  a<lhe8iuus,  whirh  still  pei-mit  tlie  nerous  surfaces  to  sliilc  past 
one  imotlier.  Veiy  large  (iuniitities  ot fibrin  may  also,  at  times,  partly  niiist 

alisnrptiou,  sotbat  tbey  per- 
sist in  the  newly  fomiHl 
coiiiii>otive.  tii^siie  uiul  then 
gi'uerally  become  calrijitit. 
C^Miifuidh  ii    rj-tuiiitfs    hi    ihr 

htinj  are  ^ii('r*:illy  smm 
luniefied  and  utMorlied ;  yet 
tbrir  r»'movnl  in  tbis  man- 
ner may  bf  ass(M-iat)'«l  with 
atninrfirf-fi  sniff  i>fofifrrii- 
tiini,  wliifh  tenniiiHtt's  in 
iiuhimtiun  of  the  hiutj. 


fe^ki?:^ 
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Fio.  l?2.— Fommtirtu  at 
graiitilfitions  within  a  fibrin- 
ous deposit  ill  pericar*li(  \&  ^\  - 
onil  wt'oksold.  «,  Epii.>ar<lhm): 
h.  Deposit  on  the  epicai*dixnn, 
cousistiii^  of  granuliition  tL'^- 
811P,  rf,  anil  fibrin,  c.  (Prt'pa- 
mtiou  bardt-ned  in  MiiUer's 
fluid,  stained  with  hflpmatixvy- 
lin  and  eosin,  ami  mounted  m 
t'anadii  l>a]sam.  Maf{'mHed4«'i 
diaiuvt4'i'i(.] 


Masses  of  coagula  within  the  vessels,  which  ai-e  termed  tlirtimbi. 
give  rise,  whon  no  infection  intt-ncnes,  t4>  an  inflamnmtory  proliferation 
of  the*  vt'ssi'l- walls,  a  pvolifei-atiiij?  va.si'ulitiH — i.i-.,  a  prtH-ess  wbicli  i}«  as- 
wM'iated  with  ccllniigration,  and  whii'h  vxactly  fuiTesitoiids  (o  the  inihun- 
matory  proIitVnitioa  of  the  sitous  nicmbrnnes.  It  is  I'utirely  ininmtvi*ial 
wbetlnT  thi'  tliroinlms  has  ln^eii  caiisi'd  hy  apreewlinj;  in11arninntory  pro- 
cess or  by  any  other  (jonditions :  for  tht*  prest-nre  of  tin*  roa^nlated  ma^s 
is  itself  sufficient  to  pnidtu^c  inflammation  and  ti.ssue-proIiftTatiou. 

The  first  phani^'e  whitdi  is  inlr<i<hiet'd  in  the  replacement  of  the  throm- 
bus by  connective  tissue  in  here  also  the  ap])fat-anoe  of  tibroMasrH  (Fi^- 
173,  A),  whic-h  arise  from  the  vessel-wall,  and  later,  with  the  aid  of  vessels 
that  gi-ow  in  from  the  vessrl-widl  iind  its  niitrhborho<Kl,  form  an  enibiy- 
otml  tissne  thai  is  finally  eonverted  into  connective  tissue.  Tlie  complet<* 
replacement  (tf  au  o) isl meting"  thrombns or  embolns results  in  tlie  oblitera- 
tion of  the  lumen  of  the  vessel  by  vnsrnliir  <*onn»M*tive  tissne  (Fijr.  175.  f;). 
He]tlacement  of  a  peripherid  thi-onibns.  on  tlie  other  hand,  results  in 
fil)nnis  thickening  of  the  wall.  Owinjf  to  in<Mmiplete  r(*phieenient  and 
litjuefai'tion  of  the  ywvX.  not  i-ephn-ed,  thert>  arise  stmigs  nnd  threads  ctf 
connective  tissne,  wiiich  cross  the  lumen  of  the  vessel,  t'aleifiealion  of 
the  partes  of  thrombi  which  are  not  replneed  l.)y  eonneelive  tiseiue  lewis 
to  the  formation  of  vaseidar  crthuli. 

Necrotic  tissues.  whi*h  cainiot  b*'  st-questrated  and  dis^'luirtftMl  ex- 
ternally, aiv  also  replaced  by  vascular  connective  tissue  tliat  becomes 
I'liHurfcd  into  cicatricial  tissue:  and  this  repbiefiuiiit  is  aeetmiplislied  iu 
the  sntue  way  as  in  the  ease  of  the  librinon?.  exiidaies  and  thrombi.     A 
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lu-eliminarv  coudition  for  this  replacoment  is  that  tbe  necrotic  tis.sue 
shall   cuiitttiu    no    substauces    (bactvriu)    which    hinder   ti   tissue-pro- 

Ftfi,  173.— Di'vi'l- 
ojximnt  of  embryoiml 
tissue  in  a.  tlironilioseil 
femoral  artt'i-y  of  an  . 

old  man,  three  weeks 
after  ligation.  «,  Me- 
dia; b,  Elastic  boiin- 
daT-y-layerj  c,  lutiina 
Uiickened  by  old 
chronic  iuflaiuTnatory 
processes;  rf,  Coatfu* 
laterl  blooil;  e^  Olhdar 

iafiliration  of  tlie  tiie-  ^- 

dia :  /,  The  saine  of  the  .  ST.  ^  • 

lutima;  j7,  Hound  cells, 
partly  within  the 
thrombuH,    paiily   bf- 

tivi'fn    the   latler  and  ^^^  ^^^^^^^^ 

the  intima;  /t,  Differ-         -  ^^^^^Cr;^^^E^^^^^^^^K^E^- c&>« 
ect  forms  ojf  formative 
cells.         (Preparatiou 

hardened    in    aU'ohol,  ^^^^^^^  -^^^ST^^S^f^iJi— 6 

stainnd  with  hiema- 
toxylin,  and  nii<.>urit^Hl 
in  Canada  balsam. 
Ka^fied  300  diame- 
ters.) 


liferatidM  and  produop  sevoro  inflammation.     For  the  rest,  it  is  immate- 
rial how  the  necrosis  has  occurred,  and  whether  the  necrotic  tissue  is  fn'c 


b 


■■'•'••Msn*. 


Fig.  174. — Border  of  a  recent  hremoiThapic  infarct  of  the  limEr.  n.  Non- 
nncleated  alveolar  septa,  who**v  capillaries  are  filled  with  hyaline  thrombi ;  h.  Nu- 
cleated septa  ;  r.  Vessels  filled  with  red  thrombi ;  rf,  du  AlveoU  filled  with  r)>af,'U- 
lated  blocw  ;  e.  Fibrin o-<iellnlar  exudate  in  the  alveoli.  (Preparation  hardened 
in  Miillcr^a  tliiid,  stained  with  hn'matoxyUn  and  eosin,  and  mounted  in  Canada 
balsam.     Majfuitied  100  diameters.) 
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from  exudate  or  is  infiltrated  with  oxurtate  or  blood  (Fig.  174,  rf,  di). 
Under  llu'St*  (.'oinlitioiis  the  tirst  plieuonu^mm  Ifudiu^''  to  liealing  is  tlie 
foUowiu^:  tlio  iiitlaiiuiiaton'  intiJtrutiou  (f)  in  ttu?  ii*'iy:hborhiiod  of 
the  necrosis  becuiiips  a.s.sociaU'd  with  a  tissue-prolifiration,  wliich  pro- 
duces granulation  tissue,  imd  this  in  tnvii  grows  towaj'd  the  necrosis 
(Fig.  175,  (J,  e),  pushes  it  aside,  and  n'i)hn't»s  it.  If  this  process  is  not 
disturbed  by  any  inHiienee,  even  extensive  tissue-ueerowcs  may  disapjx'ar 
in  the  course  of  weeks  or  moutlis,  and  ha  rephiced  by  conneetivo  tis- 
sue. ItniAVrtlsii  hajijM'u,  h<tWfVi'r.  that  eertain  tissues  resist  absorption 
(e.g.,  bone :  <'f.  Fig.  181),  or  that  the  development  of  granulations  stops  so 
eai'ly  that  the  remftivfler  of  the  mnosis  persists  and  fh»n  bfrow^s  rnlfijicd. 

ANTieu,  owing  to  an  inflammation  or  an  isoha-mia  within  an  organ, 
only  the  more  sensitive  elements  dii' — for  example,  the  epithelia  or  the 
musehveells — whih^  the  eonneetive  tissne  is  preserved,  the  nbsoiiitiou  of 
the  necrosis  is  performed  qnickh  j  and  in  a  short  time  there  develops  a 
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Fig.  175.— Perii)lHTaI  portion  of  a  healing  infai-ction  of  the  hmg.  «,  Rlood- 
©xtraVHsiitionflhanged  into  a  granular,  yellowiHh  mas.*i:  6,  Kporotie  alveoUirsepta 
without  nut'lvi ;  c,  Newly  formed  couneetive  tissue ;  rf,  Vascular  granulation  tis- 
sue withlu  the  alveoli ;  e,  Pil)robIasts  witliin  ah'eoli  containing  the  residue  of  the 
hiemori'liape ;  /,  Artery ;  w,  Vawular  eonne*tive  tissue  formed  within  the  artery 
at  the  place  of  the  embolus.  (Preparation  hardened  in  Jliiller's  ttiiid,  ^taiaed 
with  hceniatoxylln  and  eosin,  and  mounted  in  Canada  balum.  Magnified  45 
diameters.) 
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scar  or  caUus  of  eonnecfive  tiasue  (Fig.  176,  e),  iu  wiik-h  the  specific  tissne- 
eleiiifiits  are  Iju'kinjr. 

Pus  is  quickly  ithnofheil  fnmi  small  abseesses,  and  thv  tleffrt  in  ehsni  htj 
ffrnnnhitioH  umi  srtir  ti.tsiu.  Larjje  niiKtuuts  of  pus  may  also  be  absorbed 
from  the  cavities  of  the  ImmIv  mthI  from  thr  hmjfs. 

Abscesses  raiiKe  a  development  of  j^ranulations  in  their  neighb«>r- 
hood,  and  tliis  lends  to  the  t'omjntioii  of  an  abscess  membrane.  The 
cavity  nuiy  be  obliterated  by  the  abs<»rittii  iii  of  the  juih  and  by  tlu'  ^i-owing 
tojjethcr  of  the  y7*unidjitiiijj;  abscess  uiembraiic ;  and  so  the  abscess  may 
heal.  It'Mvinjr  a  scar  hchind.  Incomplete  abs<^rption  may  lead  to  thicken- 
iujrnf  tbc  jms,  and  later  to  mJcifirafiopi  ofth*'  rfj^tfJue.  If  the  thickening; 
of  the  pus.  however,  does  Uftt  oeeur.  tlie  abscess  remidus,  and  may  iuerease 
ill  size  in  the  eourse  iif  time  by  seeretion  from  its  wall. 

Like  abseesses,  empyemata  may  lical  by  the  absorptioTi  of  the  pus. 
At  tJie  time  of  absoq^tion  the  tissues  indosiTij;  the  pns  prothiet'  g:ranula- 
tion  and  cicatricial  tissues,  whieii  may  attnin  considerable  size  when 
the  absorption  takes  a  long  time.  When  ineompletely  absorbed,  hiitpiit- 
Silfi'il  /*»/>  mdtf  nih'ifi/. 

Foreijf  n  bodies,  so  far  a*  they  are  capable  of  absoi-ption  and  exert  no 
specific  influence  on  their  ennronment,  are  dissolved  and  n"]ilaced  byi-on- 
iieetive  tiijsue  iu  the  same  wav  as  ai*e  tissne-uecroses  or  masses  of  iibriu. 
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Fig.  17ti.— Callnsity  of  heart.  Swtion  through  a  muscle  trabeculum  that 
has  imder^one  fibroid  de^Mieraliou.  «,  Euducardium  j  6,  Transverse  section  of 
normal  mnscic-felU:  c,  Connective-tissue  liyperiilasia  ricli  iu  cells;  rf,  Atrophic 
muscle-cells  in  hyperiilastic  connective  tisHue  ;  (•,  bensi'  connective  tissue  without 
nuclei  or  muKclc-cells;/,  Veins,  in  whose  nei(fhborhood  a  few  nmscle-cells  still 
remain  :  g.  Small  blood-vessels ;  A,  Small-celled  infiltration.  (Preparation  stained 
vith  hsematoxyliu.    Maguilied  40  diameters.) 
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III.  Phajcocytosis Occurring;  in  the  Course  of  Inflammations,  and  the 
Formation  of  Giant  Cells  around  Foreis:n  Bodies. — Chemotaxis. 


§  10r>.  Whonsmallforeij^bodies,  or  portions  or  particles  of  devital- 
ized tissue,  arr  t'Miiiul  in  Ihf  hiniuui  IhmIv.  tl»ert*  is  vt^iy  dftpii  a  niarktHl 
HssetHbiinff  of  ctllx  at  tht'ir  ])la(.*o  <»t'  deiKtsitioii.  Tlifs**  aiv,  ti!>;t,  IrHrtfCt/frs 
wliich  liav**  nii^niU'd  froin  tlie  vphs<'1s,  Itut  lat*'i'  als*>  tismtf-rflfs  that  Imvv 
Iteromt'  tiiofih',  fhnt  an' proUfrrutiutj,  or  (hnt  route  front  nn  tilrtotlif  cstttblishttl 
cfntrv  of  ftroIifnfitiHii,  wander  into  tla*  nfig-hlmrluKMl  <tf  thf  foifijrn  Ixnly 
or  tlu'  remains  of  dcWtalizfil  tissue. 

Aceontiiijr  U)  tht^  rest^iuvhes  of  Leber,  Binrhner,  Mai>8Hrt.  Bordel,  <.ia- 
briUchewsky,  anti  ntlu-rs,  it  is  pertain  that  this  usseuiblingof  cells  is  jmrtly 
hroii<;ht  nlxait  by  chemotaxis — i.e..  by  an  altraetioti  exerted  hy  Huid 
inuterials  derivtsl  frum  the  foreiirii  Iwidies  or  f rom  the  jiartides  of  devital- 
ized tissue;  luit  doiiljtU-ss  other  eonditintLs  also  exeH  an  intlueuce  in  de- 
termining? the  spot  wliere  the  rells  are  to  assr'nible. 

If  the  materials,  while  .still  nndissolved,  i-eaeh  tlie  sjihere  of  the  motile 
cells,  they  are  very  often  taken  up  l»y  tln-ni.  and  Th(^re  iteeurs  that  phenom- 
enon which  is  termed  phagocytosis.  If  i>nei(b>t'rve>.  tlie]iroi'es.snndert.he 
mieroseo]»e — whieh  is  easy  to  do,  if  tissiie-lyinjiii  that  huw  been  taken  from 
the  frofj  and  that  is  rieh  in  eells,  is  mixed  with  prramdes  of  soot. — one  sees 
tliat  the  motile  ei'lls  pour  their  pnttophism.  if  om^  may  nse  the  expres- 
sion, around  the  foreign  btnlies,  and  absorb  them  completely  into  their 
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Fig.  177. — Urftnular  cells  in  a  focus  of  depreneration  of  tlie  brain.  «,  Blood- 
vessel with  blood ;  b,  Media ;  c,  Adventitift  with  lyinpliatic  fibealh  ;  r/,  I'ncbsng^ 
g'lift-t'ells ;  f,  Katty  g^Uu-rells:/,  Biauelear  (flia-'^eils  ;  tf,  Scleroiied  tissue ;  h,  Koud<1 
cells;  /i,.  Round  ei'lis  with  sinijl*?  droplets  of  fat;  h^.  Fatty-granule  !*|>here8 ;. 
A.i.  Pi^nienleil-p'anule  splieres.  (Ti^aned  preparation  treated  wilh  uumiv  &oid» 
^btgnilled  ;JOl)  dianieterH.) 
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profnplasm  >)y  the  union  of  the  pseudopodia  extended  over  the  bodies. 
Ajijoii^  till'  I'lirfijrM  iMKlics  thnt  have  i>enetmtf'd  from  the  out*iide,  which 
mv  iwirtk-ularly  ufteii  ttikeu  up  liy  the  leucocytes  or  tissue-cells,  ai*e  ckietiy 
tlif  rarhtt.s /onus  of  (htttt  {estiucijilly  soot),  which  rtiv  taken  into  the  lungfs 
with  tiie  i-fspired  air,  and  hurhria.  It  is  U>  he  notwi,  however,  that 
pbiitr^H'yt4»sis  does  udt  oi-vnr  in  till  inffetions  caused  by  baiiteria,  hut  is 
riitlHT  eonfiiM'd  t«  sjH'cial  infectionK,  and  even  in  those  docs  not  ajipear 
in  all  stages  of  the  Uit-Jil  tlisease. 

AiiKin^  the  dehris  of  lissui's  nue  finds  most  tiften  fat-dmph^ts  (Fiir.  177. 
hi,  //*.')  anii  ]irrMlnrt.s  of  tW  drstrur'tion  of  tlio  ]■('<!  blonil-rovpnscU's  (Fig. 
177,  /':u  Ki(r.  17*J,  r,  and  Fijr.  180).  These  prifdiirts  of  destruction  may  he 
taken  up  by  tin-  cells  until  they  ai*c  stuJled  wilh  thfiu  and  converted 
int(»  larp*  (^raiiiibLi*  fonus  that  are  iorinod  faffff-ffrtimth  spht't'fs  and  ///"//- 
mftft(tf'ffr<innit>  nf/litrts.  Besi<h^s  fat  and  hlood-iii*rnient.  other  frairnicnts 
of  tissue  a]s<( — iis.  for  cxanipU\  parti<'h*s  of  tlji-  nniirractib'  siihstanet'  of 
nnisdc-cclls  or  ot  ehisti*-  tisMip-Hlin-s  or  i'v<'n  of  fibrin — may  br  taken  ii]i 
Iiy  the  ct'Ils.  Till*  rvUs  wliicli  take  np  all  tln'sr  subsl^nnres  are  prinripnlly 
tissue-cells  in  lux  lu'iant  proliferation — fihrfibhists,  ost^Hiblasts,  sar<*ohla.sts, 
etc.  Tf  an  inrinninuitory  pxndation  I'uns  its  (*<nirse  at  the  ftftnif  tiint-  as 
(lie  prolifrnitioii.  nud  if  the  proliferating^  tissue  contains  ietccoci/tex,  these 
M(iy  a(so  be  taken  up  Inj  ffa  pharjociftcs  (Fig.  179,  «,  t,  c). 


FlO.  178. — Pliayoi'vtes  fmra  trranulat- 
ing  tissue  with  included  leucocytes  and 
their  fragments.  «,  Kound  fibroblast  with 
two  leucocytes;  6,  Swollen  spindle-shaped 
conn ec'live -tissue  oell  with  one  ]eucoc\*te; 
c,  fl,  I",  Fibrobliist.s  with  fraffiuents  of  leu- 
cocytes. (Prepmration  hardened  in  Kub- 
liniate,  sbiincd  with  Biondi's  staiiiluir  mix- 
ture, and  mounted  in  Canada  balsam. 
3fagnihed  5UU  diameters.) 


The  suhstanocs  taken  up  by  the  phagocytes  may  be  partly  dissolved 
and  dest.niyed  within  the  eells ;  and  this  is  tnic  paititMdarly  for  the  leu- 
eocytes,  which  p-adunlly  (lis^ipj^ear  inside  of  the  tTll-jvmtoplasTn  of  the 
phagoc>*te8  (Fig- 178,  c,  d,  t\  but  it  aJso  holds  equally  for  various  fragments 


Fig.  179.— Mass  of  pig- 

TOented-gianule  spheres 
in  a  lyuiphatiL-  gland,  fn^ 
Lyrnph-ri(Hle;  b,  Ti'ftbec- 
ulft'  of  the  lymphatio 
ghind;  c^  Lymph-pnwwtjfe 
with  pigtnentLd-graniile 
spheres.  ( Preparation 

hardened  in  aloolio!, 
staitied  witli  carmine,  and 
mounted  in  Canada  ital- 
sam.  Magnified  80  dia- 
meters.) 


of  tissue,  except  blood-pigment  (Fig.  179,  c),  which  may  remain  a  long 
time  within  the  ceUs.  The  insoluble  substances  (soot)  behave  in  the  same 
way,  while  the  bacteria  taken  up  by  tJic  cells,  in  each  ease  according  to 
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their  vital  prajx-i-tios  and  the  conditiou  in  avhioh  they  entered  the  cells,  ai"e 
tioruetiines  dLsHolveil  uiitl  desli-oyed^  but  sometimes,  on  tlie  other  hand,  re- 
main and  multiply  even  in  the  colls. 

TIic  cflU  hmdwl  with  foreijru  b*Kiie8  are  situat*^]  at  firnt  at  the  plui*e 
when*  th*.'  pha^roi-yttisis  oecniTed.  lust  they  may  als<i  mi^n*»te  further  and 
enter  the  h'mpliutie  eireuhition  (Fi«r.  17i».  **)  and  latn-  als»i  the  hloiKl,  from 
wliich  they  aiv  deiiosited  priucipally  in  the  Kj>leen,  marrow  of  bone,  and 
liver  {r(.  §§  17  and  18). 

If  the  foreig-n  bodies  whit-li  have  ]>enctnit*Ml  into  tlu^  body  from  the 
extenor,  or  the  dyinjc  nv  aln-ady  necrotic  fragments  of  tissue,  are  too 
nunienniK  to  In*  taken  np  by  knicoeytes  or  proliferated  tissue-cell .s,  tliei*e 
form  voiT  ofttn,  in  the  ^Tamilation  tinwie  that  ilevi-hips  in  tlieir  ueigh- 
l>orh(K>d,  polynuclear  giant  cells,  which  an*an*i!:e  themselves  on  the  sur- 
face of  tliL'  foreign  i>o<Iy  or  tlio  Kui>i'rtltious  mass  of  tissue,  exactly  as  tliis 
i>C(*in*s  *tn  the  jmrt  of  osteoclasts  under  ]>hysiolo^icaI  conditions  {Vig, 
IWO,  ft).  If  the  bodies  «re  not  too  hir*sf  they  may  be  still  taken  np  by 
these  jiohTinclcnr  cells  ;  in  the  otltcr  case  the  cells  irmaiu  HttnelnMl  t<i  the 
surface  and  jn'oiliu-e  the  gradual  dissuhitiim  of  soluble  Mubstaui'i's  (e.y., 
strands  <if  eatiral,  fragments  of  dcml  inusclf-tibres).  It  sometimes  haj>- 
pcns  that  mononuclear  cells  take  up  small  forcijm  bodies  into  their  in- 
terior, and  after  this,  by  division,  their  nvadci  beeouic  pjilynuclear.  This 
is  ohserxcd  niost  often  afier  the  inclusion  of  baeteria  (lepra,  tuberculo- 
sis), wliieh  still  midtiply  within  the  cells. 


Pm.  180. — Dog's  liair  encapsulated  in  suhou  tan  eons  tissue,  a,  Hair;  fc,  Fi- 
brous tissue;  f,  Frolifei*a(inBr  jrranalation  tissue j  rf,  Giant  CfiUs.  (Preparation 
hardened  in  alcoliol,  stained  with  BUmarck  brown,  and  mounted  in  Canada 
balsam*    Magnified  U6  diameters.) 

When  a  foi-eijrti  body  in  the  tissues  cannot  be  absorbed  it  is  snr- 
roundeil  by  {granulation  tissue  that  ch*in;res  lati-r  into  connective  tissue 
(FijLf.lSO,  b,  r),  aud  in  this  waybeeduies  encapsulalcd.  Tiie  iin)iifcration 
may  be  very  slijjht,  however,  about  smooth,  completely  insoluble  sub- 
stances  (^lass  beads). 

The  pbenomona  of  chemotropism  or  chemotaxis  i.e.,  the  nttraetion  or  repul- 
sion of  freely  motile  eelld  by  sub^tances  solid)le  in  water  -were  ftrHt  o>>st'rved  by 
Stmhl  and  Ffeffcr,  wlio  made  rescnrclu's  particularly  on  unTEomycetcs,  infusoria, 
bttctfria^  seminal  nlaments.  ami  swaruiiug  sport-y.  Hesi'arclies  of  Leber,  Buoh- 
ner,  Massart,  Bordet,  (TabritHclH'UKky,  and  otlu^rN  liave  shown  that  the  leuco- 
cytes may  also  bo  nttrneted  {positive  chcmotropUm  or  chemotarisi)  or  repelle*! 
{tifpfttive  chemottttpmii]  by  cheniieal  substances.  There  are  paHicnlar  i)roduct» 
of  the  vitjil  Hctivity  of  fission-funfri  (Tjel>er,  MnsaaH.  Bonlet,  (iabntsrhewsky)  or 
bacterial  proteins — i.e..  the  albuminoid  bodins  ()f  dead  bacterial  t-ells  (Buelmer) 
—which  even  after  great  dilution  (a<!cording  to  Bachner,  the  protein  of  pyocya- 
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neUB  i&  fitiU  active  in  a  dilution  of  1  to  3000)  nro  poBitively  ohcmotootic.  Ac- 
coriUnjf  to  Bucbner,  this  property  belongs  bIsu  to  g-lutoii-caiteiit  from  wlieAt- 
pasfi^  xiiid  legiiniin,  g\ne  from  bones,  and  alkali  Hlbumiiiale  from  pnatie,  while 
amiiioriLum  but^Tnto,  trimethylamine,  ammonia,  leucin,  tyroain,  tirea,  anil  hkatol 
exhibit  iK'jrativo  irhouiotaxia. 

Fbagocytosls  is  a  vital  phenumeuou  lliat  bait  been  loiiiir  known  and  has  many 
timt^^  been  iimd«  tlie  subject  of  iiivesliLratioii.  Voii  Hecklitig'linuseii,  Ponfick, 
HotTinann,  Liihgf  rhaiis,  Slavjjinsky,  von  Ins,  Riipport,  Laujflums,  Hiniltlfitu')].  rikI 
Othei'scouduc'ledsui'h  t'Xpenmeutsiii  the  sixties  and  seventies,  and  descnlifd  par- 
ticiilariy  thi-  relations  of  celU  to  granules  of  dust  and  the  disiute*:Tatinn  products 
of  till'  hlnod.  In  tho  yoar  liS74  1  made  the  observation  that  the  dbroblastsof  the 
gfranulation  tissue  take  up  and  destioy  leucocytes.  It  is  to  be  assnmed  tliat 
mie  has  in  this  phenomenon  att  act  nf  mitntion-lYtHt  the  phag(M*y1eft  ditrest  and 
Bssimilale  the  leueoeytes  taken  up,  This  is  indiL-ated  bvtlie  fact  that  phapiey- 
tosis  is  a  vila.1  function  of  cells,  which  in  the  tirst  place  is  directed  to  the  taking 
up  of  nutrimeut.  But  since  a  phu^uevtosis  is  abo  observed  in  cells  whii'h  pive 
off  substances  to  the  excreta  (e.g-.,  in  tlie  renal  epitlieliji);  since,  also,  wandering; 
cells  loaded  with  dust  appear  at  the  surface  of  mucous  membraiu^s  aD<l  iu 
glands,  and  may  tlnis  cleanse  the  tissues  of  the  substances  mentioned,  oru!  may 
regard  jdiapoLfytosis  as  a  process  which  is  directed  also  partly  to  the  excretion 
of  certain  substances. 

Since  the  year  L883  Metscbnikoff  lias  occupied  himself  in  a  partieularlv  thor- 
ough fashion  with  phapocrtosis (he !ms  also  introduced  this'name),and  haaaomon- 
sirated  that  it  is  one  of  the  most  widely  spread  phenonu'nu  iu  the  whole  animal 
world,  an*l  is  most  tiften  observed  in  mesotlermaf  cells.  He  is  of  the  opinion  that 
phufroeytosis  represents  the  essential  ami  characteristic  token  of  inlhnnination, 
and  that  //k*  injlammatortj  prtjcet-s  itt  ticvmhtit  icaffett  bi/  the  ceUn  offtunM  minulers  or  dis- 
ease prodin'crs.  This  view  is.  however,  completely  emmeoas  and  finds  no  support 
iu  the  nctuul  conditions.  Metschnikoff,  in  inittiiiy  forward  his  detlnitiou  of  in- 
Harnmation  as  a  battle  of  phiitfocytew  ayainst  disfase  prodncei-s,  i)ays  no  atteu- 
tit»n  to  thoHc  phenomena  which  have  been  lemied  inflammation  n*om  antiquity 
onward,  and  names  intiannnatirm  only  a  siuyle  chosen  vital  process  to  which  ht? 
has  given  his  interest.  If  one  starts  from  processes  that  arc  reco>mized  on  all 
sides  as  intlamnmtion,  it  is  apparent  that  legiliniate  iiLllaimnations  oceiu-  in 
which  no  phapocytosis  is  present  ;  so  that  plmgoevtosis  tloes  not  even  form  an 
iuKepnrable  c«mcomitant  of  inllammati))ii.  For  tm*  rest,  it  is  to  be  remarked 
that  phafjocytosis  is  a  phenomenon  that  often  occurs  in  the  course  of  even  non- 
inflanmnitory  processes  (e.gf.,  within  tumors).  Finally,  on*.-  cannot  see  in  phupj- 
cjiosis  any  appearance  of  a  strugg-Ic,  since  iu  the  taking  up  of  cinnabar  or  soot 
or  fragments  of  red  Ijlood-corjnisclcs  or  pus-corjmscles  every  pitssibility  of  re- 
sistauoe  on  the  part  of  that  wbich  is  devoni*ed  is  excluded.  And  even  when 
bacteria  are  taken  up,  no  struggle  can  be  observed,  at  least  in  those  cases  iu 
which  (as  actually  often  happens)  the  )>aoteria  are  only  taken  up  when  they  are 
dead  or  at  least  dying.    ($  2o  and  Section  IX.  contain  more  on  this  subject.) 


IV.  Chronic  Inflammations. 


§  lOrj.  Itifljiitrmntion  is  imtni'iilly  nii  nente  j>roeess,  but  various  condi- 
tions itirtv  ranwi*  the  pbeiiorueiia  of  tissne-dcLrenenilitm  ami  exudation  t4> 
hisl  lntig4T.  m\*\  the  idtlMniriiatifUi  to  become  chrnnie. 

The  cause  of  an  inflammaUun  becoming  chronic  may  bo  fnurul.  in 
the  first  pineo,  in  the  fact  that  /»  fhf  ronrsf  of  ou  ttnilr  Infhninmitioii  rftttuf/rs 
nrvuf  n-hU-h prrvvut  a  rttpid  hmlinfj.  As  may  be  dediie*d  ff<iju  the  forego- 
ing, mU  large  defe<.!ts  of  tissue  and  ti»8ue-neeroses,  a*i  well  as  large  mjisses 
of  exiuiate  that  are  difficult  to  Bbsorb.  uet  in  this  way.  AMieu  necrotic 
ma.sses  of  tissue  arc  not  eorapletcly  u!>sorl)Hble.  as  in  the  caso  of  large 
pieces  of  Ixnie,  they  may  inrteed  be  setjuest rated,  but  lliey  then  persist  as 
sequestra  for  years  (Fig.  181,  f/),  and  maintain  a  constant  inHamtnatiou. 
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Wlipu  a  lai-ge  snpoi'ficial  defect  of  tin-  intrjrnmeut  is  producpd  hy  n  burn, 
gramilrttions  develop,  but  it  may  be  moutbs  liffifn-  the  wnundfil  snrftK'e 

is  skiiiiJL'd  ovi'r  from  tho  cd^es 
»uul  tlif  proci'ss  thus  i^'oinpU't^i. 
^Jn«^  A  furtlifi*  piiiise  of  olin*ini' 

iiifianiiimtinnK  i.s  nhvays  found 
E  '^V  V/*!  ^"  n'ii>atf'tl  itijuftf  htj  tsitnuil  hi- 

I  \  '  IB /I  JhttHi-tn.    Thus,  for  t'.\Hui|jh',re- 

pt'nl(Hl  itifiidation  of  dixst  may 
ctiiisi'  ctironir  iiiflnmnitition  of 
the  hnt;r ;  repcatod  frirtion  of 
tlie  skiu.  (.'hnniif!  iiiflaiumation 
of  the  skill ;  rrp^'atid  patli(th>^i- 
ciil  alrcratinus  of  tfni-  stoma<*h- 
couteiits.  iutliiiHiuatiou  of  tho 
stinuatOi.  In  \\\v  fuiials  of  thr 
body  ill  wbirli  r»mrve(iinis  form. 
Ww't^i'  limy  alsit  be  a  cause  of 
histinjif  lissiK'-li'sions. 

Wht^u  UHf'tiroffihle  iiutrithr 
n/mlitinn,s  exist  in  u  tissue — e  Sm 
p-eat  eougestit  m — these  may 
idso  pnnble  even  slijL^ht  exterua.1 
tnlbit'uci's.  fliat  under  normal 
eomlitions  jn'oduee  uo  inflam- 

Fio.  181.— Necrosis  of  fifteen 
yeara'  dumtiou  in  the  lowt-r  x>ai*t 
of  the  (liaphysis  of  tlie  femur.  «, 
SeijUf^trum ;  h,  c,  Kd^es  of  the 
opfiijufj  in  the  thickened  bnne. 
(Ale<>h<jl  prepiu-atiou.  Reduei'd  to 
tivo-thiids  natural  »ize.) 

niation  or  one  that  soon  stops,  to  wet,  uyt  ulreraiion  wiihont  any  tendency 
to  heal.     In  tliis  way,  for  example,  ehroniu  nleers  of  the  U'g  may  oeeur. 

luftrtUiHs  are  nlsii  a  frrqurut  ciinse  of  i-hroidr  inflaruniations,  espe- 
cially those  by  fMirftfiit  <inff  j«*i«M>-,  wliieli  multiply  in  the  Imdy  and  so  con- 
stantly pmduee  new  iuHanitMatiH'v  irntHtion.  Tbr  iutlau*nuitions  which 
they  cause  are  distinguished  from  othei-s  ehictly  by  having;  ufteu  a  /irf^ 
(fremitife  rhtwueUr,  ami  by  <"ansinj^  metastases  by  way  of  the  lyni|)hati<' 
vessels  and  the  blood. 

Finally,  chroniv  hifttjrhatiotts  f(tnn  a  last  cause.  They  act  partioidarly 
on  the  kidneys  and  b'ver,  and  may  be  atli-ibiitcd  either  to  tin*  iuTrodnc- 
tion  into  the  <ir^mnisni.  Ibnuit;li  tbi'  intestinal  ranal  or  tlir  lungs  or  even 
the  inti'irnmmt,  of  snbstMUf'rs  thut  are  injuriitus  t^^  tht*  orj^ans  affeetwl 
or  to  others;  i>r  to  the  ]»ro(lu<'tiini  in  the  Itody  itself,  Iiy  disturV>ance8  of 
the  xn'(»ceH.ses  <»f  metabolism,  of  injuntms  substances,  so  that  there  is  a 
eh  rmi  ie  a  itto-itUoxirtt  t  hm . 


\ 


§  107.  Tlio  forms  of  chronic  inflammation  are  detcnnined  partly  hy 
their  fundamental  eanscs.  partly  by  the  nature  of  the  tissue  affected. 

The  rertiiiius  of  a<*utr-  pmeeHses.  us  tbi'V  are  seen  in  fiiirinouh  exudates 
and  tissne-ueei-oses,  lead,  when  not  e.ompliijated  by  speeilie  infections,  to 
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nii  inflammatory  tissue-proliferation.  For  the  rest,  inflammatory 
hypertrophies  of  connective  tissue  resiiJt  from  various  L-hntim'  inita- 
tiuiis  of  tlie  tissues.  80,  for  example,  ehrouit*  irritation  ol"  the  luug  by 
thi>  ihjiositioH  of  Mone-<iitnt  may  lead  to  a  connet'tive-tiasHe  hypei'trophy  in  the 


Fio.  182, —Section  of  a 
Btone-cutter's  lutig  with 
broiichopneumome  fibrous 
uodulos.  a,  Group  of  tibroos 
nodules ;  6,  Norinal  lung- 
tissue  ;  f,  P«lmt>nar\'  t  isxue, 
tUifkeuei),  but  still  (■<»Titaimng 
liruiK'bi,  vfHsels,  and  a  few  al- 
vet^li.  ( Preparation  hardened 
in  spiiit  and  stnLned  with  pie- 
roonnnine.  Mantled  9  dia- 
meters.) 
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hot'j,  which  is  essentially  pharact<>rized  by  the  formation  of  circum- 
seinbed  iiorlules  {Fi^.  1S2,  n).  but  (H.'curH  also  partly  iu  the  foiTu  of  n 
diffuw  liypertroi»hy  {c).  Coutinned  irntatin^  romlitioiis  in  the  neifrb- 
l*orliood  of  the  nrifieea  of  the  urogenitiil  a]ii»araius,  where  they  luv  uiain- 
tained  by  t]»e  dischai-ge  of  irritating  se«i-etions,  (iften  lead  to  the  forma- 
tion of  iU'Uiniimfe  comhjlomntn 
— i.e..  to  hyperti'ophy  of  the 
l>rtpi]hi\  in  whieli  the  inflamed 
and  intiltr«llrd  papilhv.  with 
their  ves?;*-l!s,  enlar^re  (Fig. 
183,  >i)  and  (»ftt'u  also  divide 
into  branches.  The  ejathelium 
covering  the  papilhe  is  also 
ajit  t4>  l»efomo  h\*pei'tro])hic. 

Fig.  183. — Condyloma  ueuriii- 
natuni.  a,  Enlarcredand  hniiH'li- 
ing  pnpillie;  h,  Kpidi^nnis.  (In- 
jected prepanitioii,  i^nuiied  with 
liwniatoxylin.  MairnilWd  20  dia- 
meters.) 


m 
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Rep<?ated  continued  ntild  intianimations  of  tlie  skin  and  Hubeutaneons 
tis.sue,  which  ai*e  eaiised  by  tueehiinical  lesi«ms  (sei*atebiug),  by  parasites, 
or  by  any  other  continued  imtatinu,  nuiy  also  often,  whrn  tliey  aequire  a 
considerable  exti-nt,  b-ad  to  diffuj?e  eoniieotive-tisiswe  hy|M?i-trophy,  wliich 
is  known  ay  fUphtniUtsis. 

Inilanimatory  growths  of  the  periosteum  and  medulla  of  bone,  which 
lead  Ui  iHiiholmjirnl  11  ftv  forum thm  of  htwr,  nv  11  htfpfrostosis  (Fig.  1H4).  may 
be  cauw'd  botli  by  non-speei(\c  irritations — e.g..  by  intlammmlions  whieh 
run  their  coin*sc  in  the  npighborlmod  of  ehrotne  nleers — and  by  s]>eeific 
iiifectioniji.  as  the  sj^diilitie  and  tuboxmlar. 

Chronic  catarrhs  of  mucous  membranes  are  sometimes  caused  by 
specific  infectious  (gonorrhcua.  tuberciil*>«is).  sometimes  by  a  non-speciflo 
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injury  (concretions,  pathological  cliangej^  iu  the  contents  of  stomach  and 
intestine),  sometimes  by  continual  diittuH^aiietfs  of  the  circriiutiou  (ccm- 
gestions). 

Chronic  abscesses  gtiicmlly  n-snlt  from  atrute  u)>8('t'.s8*'s,  nntl  have  the 
same  etiology,  but  may,  )it>uever.  also  develop  more  gradually,  and  are 
then  caused  by  special  infections,  genei*ally  tulwivulosis  oi-  ariinomyeosis. 

They  are  usuaUy  limitKl  externally  by  a  coii- 
neetive-tis8ue  men»l)rjuie  eoveriNl  with  eranu- 
hitioiis,  nnd  iiiny  increuse  in  size  partly  l»y  the 
seerriion  of  piLS  from  the  abseess-wall,  itartly 
l)y  the  destnit'tioii  of  the  wall  and  its  neigh- 
borhood. Enlaifrenient  ndvanciufr  towanl 
the  deep-lying  parts  leads  to  tht-  formation 
of  burrowin')^  or  congestive  abscesses. 
Thrir  jrrowtli  is  really  always  to  Ik*  asrrilx'd 
to  tlie  persisteuee  ot  the  infection.  Perfora- 
tion iulo  neighboring^  tissues  leads  accord- 
ingly, also,  to  new  infiM-tious  iuflanimation."'. 
The  tulH'ifuhir  and  iwtinomyeotie  forms 
of  chronii'  abseess  arc  distinguished  fi*<>ui 
othei-s  partly  by  t)ie  iwculinr  (|uality  of  the 
pus,  partly  l\v  a  speeial  eonstrnctioii  of  the 
abscess  membrane  (see  Tulx'rculoKis  and 
Actinomycosis  in  Section  IX.). 

Chronic  ulcers  are  geniTaUy  eans<'d  by 

Sieeifie  iiitVetions  (lulM'reubisis.  syphilis. 
^  andcrs),  Init  non-spei*itir  harmful  factors 
also  lead  to  ehnmie  uh'cratioii  in  tissue 
whieh  is  speeiully  snsee]»tible  to  such  uleer- 
ation.  Thus  clironie  cong^'stions  in  thr  vas- 
cuhir  sj'stem  of  the  leg  may  intei-feiv  with 
the  hciding  of  nli-ers  cjins<'d  by  any  meelianical 
intlucneethat  may  have  been  ex«*rtednndt'rthe 
iirdiuary  ei^mditioiis  of  tln'  li-g,  In  tlie  name 
way  the  jtei-nUar  (jualities  nf  tlie  sbnnach- 
contents  may  prevent  the  healing  of  an  ulcer 
of  the  stoniaeh.  When  healing  bi-ginn  at  flje 
bonier  of  an  ulcer,  while  the  ulceration  ml- 

Fk*.  184.  — Peri rtstcnl  hyperoKtoHiB  of  the  tibia, 
at  the  Iwiee  of  a  chronic  ulcer  of  the  leg.  (Re- 
duced to  tliroc-flfths  nntural  size.) 
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vances  at  other  i>art«,  the  idcer  is  termetl  s&t^Mffhous,     Active  growth 

of  givinidation  tissue  in  an  uleer  l»'«ds  to  the  formation  of  an  nJms  tUtxt- 
tttm  htffiivtrophinim  ;  dense,  eallons.  gi'istly  induration  of  the  e*lge  and 
bitse  leads  to  the  fornwuiviu  uf  nn  nlvna  mlfosum,  or  twlolfnx^  or  ntonirititt. 
Chronic  granulation  growths  (gmnulations)  whieh  persist  as  such 
a  longer  or  shorter  time,  without  undergoing  eonversion  into  eonncetive 
tissue,  reaeh,  under  various  specific  infections,  conditions  in  whieh  thry 
are  best  known  us  tufierruJosh,  nffphiliH,  U^promj.  tjhiuU'r.t,  rhiHo.trhrottiii,  and 
tirthiottttfrosis.  Sinee  the  granulations,  iu  lliese  infectionfi.  i»ften  pro- 
duce spong>'  gro\\*ths  and  tumor-like  fonnations,  they  are  also  called 
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FlQ.  185. — Transverse  Bwtion  throufrh  the  mucosa  and  submucosa  of  an 

atrophic  larpe  intestine,  a,  Glandular  layer  reduced  to  one  half  its  heifjht;  6, 
Muscularis  :inucoiW  ;  c,  Submueosa  j  (L  Muscolaris ;  e,  Mucous  membrane  entirely 
atrophied.     (Magnified  30  diameters.) 

fungous  granulations  av  caro  luxurlans,  Miid  Infectious  {granulation 
tumors  or  granulomata.  Thrv  show  all  the  8iM'''iaI  |ieeulijiritirs  tlutt 
etmltle  one  to  re(*oj;riiiz(\  frcjin  tli*:"  structini'.  tho  developineiit  and  life-his- 
tory of  the  granulatiuii  forniatiom*,  as  well  as  their  special  etiolog:y  (cf. 
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PlO.  1R6. — Tndnration  and  atrophy  of  the  renal  tissue  in  ehronic  nephritu. 
a.  Thickened  and  fibrous  Bowraan's  capsule ;  fc.  Normal  tflomendar  vessels;  c. 
Glomerulus  whose  vascular  loops  are  partly  impermeable  and  homo^neous,  and 
its  epithelium  mostly  li'St;  d.  Completely  mined  plnmemlus;  <r.  HomopeneouB 
maas  of  coaj^ilation,  studded  with  nuclei,  and  conftistinj;  of  exudate  and  epithe- 
lium;/, Det§quaniated  glomendar  epitheUmu  ;  7,  Kpithf'lium  from  the  capsule; 
ft.  Collapsed  urinar>'  tiioule  with  atrophic  epithelinin  ;  i',  Collapsed  tubule  wathoul 
epithelium  :  A%  Hyperplastic  connective-tissue  stroma ;  /,  Collection  of  small  cells; 
w.  Normal,  somewhat  dilated  uriuar>'  tubule;  m.  Afferent  vessel :  o,  Vein.  (Al- 
cohol preparation,  stained  with  alum  carmine  and  mounted  in  Canada  balsam. 
Magnifiea  250  dtametera.) 
lb 
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Section  IX.).  It  rfioidd,  however,  be  mentiouwi  that  tlie  etiology  of 
some  gnmiiloinatii  tliiit  develoj)  in  the  skin  Ls  still  unknown. 

Chronic  inflammations,  in  wliicli  atrophy  of  the  specific  tissue  is 
associated  with  hypertrophy  of  the  connective  tissue,  are  observed 

principally  in  the  mucous  membi-anc  of  the  intestinal  eannl,  aiid  in  tlie 
kidneys  and  liver. 

In  the  intestinal  canal  the  ranse  may  reside  lH>th  in  *>peoiJie  causes 
(dysoiiten-)  and  in  n(»n-specifle  irritations,  which  ai*e  set  up  by  any  a>>- 
nonnal  pntperty  of  tlie  eontents  nl'  the  intestinal  raiial.  The  epithelial 
eonstitiiuuts  cither  die  with  contiiiuul  dt*si|namation.  while  theeonuertive 
tissue  ff-niniiis,  or  they  decay  at  the  sanie  time  i\s  the  connective  tissue  on 
whir-h  thin*  are  sitnatt-d  nnderpoes  necrosis  and  destruction.  Tlie  final 
result  is  a  nIue<^us  nienil.iraue  (t^ig.  185)  wliieh  cont-ains  either  no  glands 
{e)  or  only  nulinientarA'  ones  (a). 

In  the  liver  and  kidneys  tlie  chronic  inHamniations  that  lead  to 
atrophy  and  induration,  niid  whose  results  are  called  cirrhosis  of  the 
liver  Mild  indurated  contracted  kidneys,  are  liieiuuto^'euousdiseiuses,  so 
far  ns  tht-y  do  not  depend  on  distiu'bances  in  the  domain  of  the  i-xi-retory 
ducts  [ohsti'ui'tioii.  formation  of  concretions),  and  are  caused  ]iMrtly  by 
rnfertinus.  paHly  In*  iutoxifnthns.  They  he^in  eitlier  acutely  or  more 
insidiitnsly.  and  are  uhararterized  by  atr<ii>hy  and  dej^eneratiuu  of  the 
glaudnlar  tissue  (Fig.  ISO,  A,  /),  by  hyiiertro]ihy  of  the  eonnective  tissue 
(Fig.  186,  rt,  k,  and  Fig,  187,  6).  by  cellular  infiltration,  by  the  fonnution  of 
granulations  (Fig.  1H(),  /,  and  Fig.  1S7.  *•),  by  oblitemtion  nf  old  vessids 
(Fig.  1S6.  r,  (i),  and  by  the  fonnation  of  new  vessels.  In  the  liver  there 
is  often  also  the  Ruination  of  new  bile-ilucts  (Fig.  187,  d),  which,  however, 
for  the  greater  part  do  not  perform  their  function. 
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Fro.  187. — Connective-tissue  hvpernlagifl  and  development  of  bile-ducts  in 
cliroiiie  hepatitis,  a,  a\.  Lobules  of  tbo  liver :  h,  Hyperplastic  peripnrtal  connec- 
tive tissue :  c,  Old  liile-ducts  ;  d,  Xewlv  foniied  bile-ducts;  e,  ( 'ollection  of  s-mal! 
cells.  (Prepafaiion  hardened  in  alcohol  and  stained  with  liiematuxylin.  Mag- 
nified 60  diiiiiieterM.) 


SECTION  vn. 

Tumors. 


I.  General  Considerations. 

§  108.  A  new  g:rowth  or  neoplasm  or  tumor  in  the  restricted  sense 
is  It  uftr  fttnmttion  of  litisuf,  jiossf^ssimf  iin  titt/pirnf  ^hutrhtrf,  not  exerritfiiiff 
onfffiinrfioH  of  sernrr  to  tiw  hotlif.  mul  i>rfif,fnti}itf  no  iifftintl  Nmif  of  tjrturth. 

Titmofs  may  he  fouiul  in  any  tissiir  possessing  cnpaliility  of  ^'owth, 
Hiul  wlifii  ilevelopiMi  ihi'y  usually  lia\e  Itonhrs  shttphj  ilrfitmf  against  the 
siUToumiiup  tissue;  still  '/  w/wlf  orijm*  mtttj  lunt  ntin  <i  tufimr,  or  large 
imt.s.sfj<  of  tiasHf  mitjf  inkf  on  tfueh  rhftrartfrixfirs,  mihont  tttuf  trfU-mnrlifd 
limacof  sffitirnfion,  Tlit'  tlifTfreui-e  in  stnicture  bntweeii  tumors  aiid  plivs- 
iolo^ical  tissue  is  usually  evidt'ut  to  tlie  naked  eye;  but  thm-  are  also 
tumors  whidi  so  n'smiliU-  llie  pint  from  whieh  they  spritij;  that  the  tUf- 
fereiiee  is  only  to  he  nuule  out  l>y  the  most  exaet  examination. 

Tumors  that  have  well-iifJuied  h(»uudariesan'  genenilly  iioduhir  (Fig. 
ISH,  tf;  F\^.  1!)(J. '/,  e;  Fig.  101.  ft) ;  and  the  size  of  the  nvwhilfs  varies,  ae- 
ennlin*<  to  the  ('(lanu^ter  of  the  tumor  and  the  sta/jre  of  deveh)pnieut  at 
the  time  of  examination,  fntm  the  smaUest  visihh^  si>cek  to  a  mass  of 
fn>ni  twenty  to  sixty  iK>un*]s  ov  more.  If  itodular  tumors  grow  tm  the 
surface  of  an  orj.mu  tin  y  often  take  on  the  form  ctf  a  s[KUi^^e  (Fi^.  188,  ti] 
or  of  a  p<*lyp.  and  ai-e  named  aeeordiugrIy/M?)<;oH.v  or  polijpoitl  fumorn.  If 
a  new  prowtii  develops  on  the  surface  of  the  unieous  ifiemhrane  or  the 
skin,  and  tlie  papilla*  Ihcrc  present  divide  or  new  papilhe  are  developed. 
We  have  intrttf,  trrnu-o.'it^.  or  ^inpUhtry  tumors,  or  p4ijiiJitninifn.  A  further 
development  of  tIh^  pajiillarv  slnictncr  ^ivesa  <ii'mh'ii\v  or  rmtUfiotn r  tnass. 

The  structure  of  a  tumor  /x  thfrrmi»t<f  hij  thf  tissu*;  from  trhirh  it 
fjrnivs;  and  although  tiiie  tiunors  always  show  an  ttttjpital  rhnrttctpr,  yet 
they  also  possess  eertatn  featnres  of  their  parent-tissues. 

A  frreat  prronp  of  tumors  is  known  as  The  connective-tissue  srroup. 
These  tumors  are  made  up  entirely  of  (he  ci»nneetive  tissues — fascia, 
eartilage.  bone,  fat,  or  inueons  tissue — or  of  a  tissue  whieli  is  very  like 
endtryouie  conneerive  tissue,  and  theivfore  very  rich  in  cells.  The  cou- 
sisteney  and  other  ehanu'tenstics  of  tumor-tissne  an*  lar^rely  deternuued 
by  tlie  nature  of  the  tissue  existing  at  the  site  of  its  jrniwth. 

An  ttfmtitlttnrf  of  rflls  fsjvos  a  tumor  a  soff  apjtfaranft  like  murroir,  and 
hence  the  tenns  metlulhry  tumortt  and  fuuf/i  me<l Hilar e,^. 

The  union  of  different,  sort*  of  eonnective  tissue  in  one  tuinor  gives 
Ufl  a  mixrd  (jroirth. 

A  seeond  grou])  of  tumors  is  known  as  the  epithelial  jccoup.  These 
tumors  possess  a  eharactcristie  stnictnre  made  up  of  roinifrfirr  fissit*'  and 
fpithtlifil  rt'lls,  either  *yf  the  fnfrmhut  lurit/if  or  ffhiiditlor.  As  the  epi- 
thelial elements  for  llie  mi*st  part  lie  in  distinct  groups  in  the  meshes  of 
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Fig.  188. — Spnnir^-  carcinoma  of  the  muoous  membrane  of  the  posterior 
wall  f)f  the  ravity  <tf  thf  utem-*.    n.  Body  of  the  uterus;  6,  Cervix  j  c,  Vagrina; 

d,  Tumor.     (Two-thirtLi  lift*  size.) 

tissue  is  iniitat<Ml.  But  tl»is  (listinctimi  is  not  always  an  n4'(uu*at«  ouo,  ae 
a  connective-tissne  tumor  may  also  present  an  exquisite  anviujrement  of 
stifjina  ami  ])arenL'Iiyintt,  whieh,  (ni  the  other  baud,  njay  be  wiiutiug  iu 
uu  epithelial  one. 

Exeess  of  cells  may  also  give  a  imtittUfin/  rharacter  to  tiiinoi'S  which 
belong  in  the  epithelial  primp. 

A  third  ^'(uipof  tumors  is  eoinpiis**)!  of  teratomata— that  is,  tumors 
possessing  a  eoinpliealetl  striietnrt*,  maUe  up  of  •lifP'Tent-  kinds  «it  tissue. 
They  Mrc  ehnnirtenzeil  by  tlie  itn'Beniie  of  ttssm-s  uliicb  do  nut  imrmally 
occur  lit.  tlu'  site  of  tlifir  {ri"*>"'lb. 

Tumors  usually  develop  singly  ;  but  it  also  hnppens  that  in  a  eeiTain 
system  of  tissue,  siniultanetutsly  or  <tne  after  the  other,  theiv  will  appear 
a  great  number  of  tumors  of  tbi-  sfiirie  sort,  so  that  we  must  assume  that 
the  conditions  nM|uisife  ftir  the  <lrv4-]iipnu'iit  of  these  tuusiirs  nre  present 
iu  the  different  parts  of  the  system  where  thf*y  jijjpenr.  Sc»nielimes  it  hap- 
pens tbi4l,  at  tin-  siinii-  time,  tliere  nppr-jir  in  difft'i*i*ut  parts  of  the  \mdv 
two  entti'tfff  tUfft'nuf  ntritfhii  ^</"  ^imrt/'.wliieh  stand  in  nn  reljitiou  to  each 
other,  and  whose  simultaneous  aj)pearanee  is  jmrely  ft*'cidentAl. 

The  exact  detirminatiuu  of  what  should  be  inchuled  under  the  terra  tumor 
is  not  easy,  and  coii»e<iuenlly  the  wonl  is  used  by  different  authors  differently. 
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I  hold  it  ad^dsable,  ami  warranted  by  the  chnract eristics  of  the  life  of  the  new 
growths  which  we  are  about  to  cotiBider,  to  exulude  from  tumors  all  hyper- 
plastic swellinfits  and  all  retention  cysts  which  are  pimply  retention  cysts  and 
show  tio  independent  tissue-development.  And  furthermot^.  according  to  my 
vit'w,  all  increase  of  tissue  dependent  on  the  presence  of  parasites  or  inffctiiui  is 
to  be  exfluded  fr<mi  the  domain  <tf  tnuuirs;  and  so  also  ehonld  the  infectious 
granulation  ^owths  which  occur  in  conm*ctioa  with  tuberculosis,  syphili^i,  lep- 
rosy, etc.,  be  excluded.  If  it  should  be  proved  -which  so  far  has  not  yet  been 
done — thai  sotnc  of  the  new  growths  now  reckoued  amon^r  epithchnl  tumors 
are  caused  by  infection,  then  we  must  exclude  these  also  from  the  catejfory  of 
true  tumors. 

Tumors  similar  in  stnicture  to  the  tissue  whence  they  srrow  are  often  called 
ftOiKccoplashc  (Virchow),  while  those  to  a  marked  degree  unlike  the  pnrent-tisfrae 
art'  called  heteroplastk,  and  are  established  as  an  especial  prroup.  A^rainst  any 
)*uch  elas*sificatifm  must  be  mentioned  the  fact  that  the  similHrily  between  a  tu- 
rai»r  and  tlie  parent-tissue  in  never  oomjjlete  ;  ftir  the  true  tumoi-s  (if  we  exclude 
simple  hypertrophies)  always  show  a  certain  amount  of  uulikeness — varying  in 
different  instances — to  tlie  paretit-tissue. 

§  ion.  All  tumors  develop  by  means  of  a  proliferation  of  the  exlst- 
Ing  tissue-cells,  In  combination  with  a  new  formation  of  blood-ves- 
sels. All  imifjruihn  of  ffurot-t/tes  oftt-ii  oecnirs  at  fhf  smuk-  time,  bnt  this 
is  by  no  lueniis  a  neee-sjitiry  step  iu  the  develitpment  <it'  tumors.  Inside 
of  tile  tumor  the  leucocytes  we  iu  part  taken  up  by  the  tuiiior-eells,  de- 
.stroyed,  and  assimilated. 

The  proeesses  of  cell-division  and  develoimu^iit  of  blood-vessels  are 
the  snme  as  those  which  liuve  alreiidy  lieni  described  iu  §§  83  and  90; 
i.e.,  the  di\-isi<m  of  nndei  is  brought  about  tlivoujiih  karyomitosis,  and  the 
vessels  spring  fn  an  sprouts  given  out  by  the  proliferating  cells  of  the  old 
veBsel-walls.     The  iirraiigeuientii  of  fibrils  (mitoses)  oceiir  tor  the  most 
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Flo.  189.— Section  through  a  norlular  angiosjirmma  of  the  th>Toid  gland,  n. 
Cross-section  of  a  ve.ssel ;  b.  Peri  vaseidar  eviinder  of  eelU  with  numerous  instances 
of  cell-djrision  ;  c,  Homv  masses  with  celfsbetween  the  eyiindersof  cells.  (I*rep- 
aration  treated  with  tlemminu'V  hc  id -solution,  stained  with  safraniue,  and 
mounted  in  Canada  balsam.     Magnitied  8<!)  diameters.) 
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part  in  tj'pical  forms  (Pig.  189,  h) ;  but  relatively  often  atypical  forms- 
asymmetrical  distribution  of  the  fibrils  (Hansemann,  Strobe),  nuclei  with 
abnormally  large  masses  of  chromatin  (the  so-called  giant  mitoses),  multi- 
polar mitoses,  and  forms  showing  pictures  of  the  bi*eaking  up  of  nuclei 
(Arnold,  Strobe) — are  encountered.  The  individual  mitoses  are  scattered 
irregularly  throughout  the  prohferating  tissue  (Fig.  189,  6). 

Tumors  develop  usually  from  small  beginnings ;  seldom  does  their  de- 
velopment start  from  a  number  of  spots  scattered  diffusely  throughout  a 
whole  organ.  It  results  from  this  that  the  growth  of  the  tumor  does  not 
produce  an  enlargement  of  the  whole  organ,  but  rather  isolated  nodules 
witliin  it.  Sometimes  they  grow  very  rapidly,  sometimes  slowly  and  with 
periods  of  inactivity.  There  is  no  limit  to  their  growth,  and  they  often 
reach  colossal  dimensions.  Moreover,  growth  may  cease  for  years  aud 
then  suddenly  begin  again. 

The  etiology  of  tumors  is  by  no  means  uniform,  and  often  cannot  be 
determined  with  certainty.  But  in  most  cases  the  conditions  under  which 
the  new  growth  appeared  can  be  given,  and  we  may  therefore,  according 
to  their  origin,  establish  several  groups  of  tumors. 

One  group  of  tumors  arises  from  some  localized  predisposition  of  the  (is- 
sites  of  a  distinctly  congetiitnl  nature^  and  we  may  therefore  speak  of  them 
as  load  malformations  of  tissue.  They  either  develop  during  intra-uterine 
life,  and  are  therefore  preseot  at  birth,  or  they  develop  during  extra- 
uterine life,  in  the  period  of  childhood  or  later ;  in  which  case  traumatism 
not  infi-equeutly  furnishes  the  immediate  occasion  for  the  beginning  of 
the  development  of  the  tumors. 

To  this  group  belong  the  osteomata,  chondromata,  angiomata,  fibro- 
mata (nerve-  and  skin-  fibromata),  sai'comata,  and  adenomata.  A  distin- 
guishing characteristic  of  these  tumors  is  the  fact  that  they  may  be  in- 
herited. 

We  may  include  in  a  subdiWsion  of  this  group  those  tumors  which 
spiing  from  misplaced  or  transplanted  tissue-germs — i.e.,  from  tissues  which 
have  been  transplanted  to  soiue  new  situation  during  fcetal  life.  For 
example,  we  include  in  this  category  muscular  or  cartilaginoiis  tumors 
found  w^thiu  the  kidney,  the  testicle,  or  the  parotid ;  lipomata  found  in 
the  brain ;  and  teratonuita  found  in  a  great  variety  of  organs. 

A  second  group  is  developed  after  traumatic  injuries  of  the  tissues,  and  it 
is  I'eckoned  that  such  a  traumatic  origin  can  be  definitely  determined  in 
from  7  to  14  per  cent,  of  the  cases.  The  cause  may  be  a  single  injury, 
as  a  stab  or  a  blow  or  a  crushing  or  a  fracture ;  or  it  may  be  a  i-epeated 
mecliauical  iiTitatiou,  like  that  due  to  rubbing,  scratching,  etc. 

In  a  third  group  of  cases  the  development  of  the  new  growth  follows  an 
injfannnatiou,  esjyecialhf  if  accompanied  by  ulceration  and  the  fonuation  of  u 
srar.  Tliis  inflammation  and  ulceration  may  or  may  not  owe  their  (tri- 
gin  to  some  specific  injurious  influence.  Can(ier  of  the  gall-bladder,  for 
example  (Fig.  190,  d,  e),  occurs  almost  invariably  in  gall-bladders  whicli 
contained  gall-stones,  and  wliicli  therefore  have  been  the  seat  of  chronic 
inflanmiHtion.  Cancer  of  the  stomach  may  form  in  the  edge  of  an  ulcer 
or  in  its  sear-tissue  after  it  has  healed.  Sometimes  cancer  develops  in 
tilt*  skin,  or  in  the  mucous  memltrane  of  tlie  pharynx  or  larT»'nx,  in  the 
base  of  a  tubercular  or  sypliilitic  granuloma,  or  in  the  scar  which  follows 
one  of  these  processes. 

The  tumors  of  a  fourth  group  seem  to  owe  their  development  to  the  unequal 
atrophy  of  the  elements  which  make  up  a  tissue,  as  a  result  of  which  certain 
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Fig.  190. — Primnry  cancer  of  the  Kail-bladder  with  an  impacted  stone  in 
this  cavity.  Coronal  section  throngh  the  gall-bladder  and  liver,  a,  Liver ;  6, 
Dnodennm ;  e,  C^all-stone ;  dj  Wall  of  the  £^ll-bladder  infiltrated  with  cancer ; 
f.  Cancerous  infiltration  in  the  neighboring  liver-ti^ue ;  /,  Portion  of  duodenum 
which  is  infiltrated  with  cancer  and  adherent  to  the  rest  of  the  new  growth. 
(Life  size.) 


opposing  forces  are  removed  or  lessened.  This  is  especially  true  of  epithelial 
growths  (cancers),  developed  either  in  advanced  age  or  in  organs  which, 
ha\Hng  just  passed  through  a  period  of  increased  functional  activity,  are 
undergoing  atrophy.  In  this  way  we  can  explain  the  development  of  can- 
cer of  the  skin,  for  example,  by  saying  that  the  connective  tissue  of  the 
skin  is  undergoing  a  certain  atrophy,  which  is  connected  with  relaxation 
of  its  strata,  while  the  epitlielium  is  still  possessed  of  its  full  power  of  re- 
production. 

Cohnheim  formerly  advanced  the  theory  that  all  true  tumors  grew  from  dis- 
tinct tumor-tissues,  which  were  only  persisting  centres  of  embryonic  tissue. 
This  view  receives  no  support,  either  from  the  results  of  clinical  observation  or 
from  those  of  anatomical  mvestigation  of  the  tissues. 

Recently  the  view  has  become  wide-spread  that  new  grrowths  can  be  traced 
in  large  measure  to  infection  by  protozoa.  Such  an  origin  h^  been  claimed 
particularly  for  cancer.  But  up  to  the  present  time  there  nave  been  no  discov- 
eries capaftle  of  proving  this  view.  Parasites  can  produce  growths  similar  to 
the  tumors,  but  we  must  not  conclude  that  for  this  reason  the  true  tumors  aro 
parasitic  affections. 
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§  110.  When  a  tumor  has  arisen  in  any  tissue  it  continues  to  grow  iii- 
tleiiemlt'ntl,v.  like  a  iirtnisilo.  Tlic  tumor  <lraw8  upon  the  vessels  of  the 
neighboring  tisane  for  its  nutrition,  or  it  may  gi'ow  independently  by 
division  (>f  it.s  own  eells.  In  many  eaties  tlie  tum<tr  iuereases  only  hy 
interstitial  expansive  growth,  and  tlie  neighboring  tissues  are  simply 
disphuM'd  and  jm^ssed  together.  In  otlier  eases  the  tumor  grows  by  in- 
filtration, and  foi'i't'sits  way  into  theintereelhdar  spaeesof  tlie  suiTouud- 
ing  tl-isues,  HO  tJuit  new  tenitories  are  thus  brought  under  tlie  iiiHuenee 
of  the  tnmnr.  By  this  i>fo<'es.s  a  pail  of  the  cells  of  the  invadtxl  tissue  are 
Htimnlated  to  pri»liferati(»u.  ho  that  au  iueiviise  of  the  tumor  lakes  plaee 
>iy  an  appositional  growtii,  in  whieh  the  cells  botli  of  the  tiunor  and  of 
the  surrounding  tissiu'  take  jmrt. 

The  eharaeteristie  feature  of  growth  by  inttltration  eonsists  in  the  tw- 
rohftmnty  in  th*'.  t/iVfW,  offhf  tiiijities  or  ortjutnf  trhich  bound  the  orif/iuol  »ite 
of  the  tumor.  Moreover,  the  tissue  of  otyuns  ivhivh  are  simpttj  adjacent  to  the 
organ  oritjiunllif  nfferted  tnaif  Itermue  int'olrcd  tty  contiguittf  (Fig.  190,  fyf). 
If  tnmi»r-oeUs  iiud  an  eutnsuce  int<»  any  <»t'  tlu*  larger  eavities  of  the  lK>dy, 
they  may  spread  on  its  surfaees  and  lead  U>  the  dinelupment  of  tumors. 

If,  in  the  pnieess  of  infiltrative  gniwtli,  u  tumor  breaks  into  a  hnupli- 
vessel  or  a  bloiMbvessd — wimelhing  whidi  happi-ns  in  tumors  called  car- 
cinomata  and  sareouuitfl — and  if  ceUx  of  t lit-  fmnors  possenved  of  thf  itoirer 
of  deirlojjtttfint  escape  into  tlie  vessel^  tumor  metastases  are  likely  to  fol- 
low; tl»at  in,  there  is  likelv  to  be  a  di'velo|>ment  of  diseouueeled  daugh- 
ter-tumors. TJiese  Keeondar\'  tmii'irs  may  develop  in  the  bjutph-vessels 
of  the  organ  in  whieh  the  pnnuirv  tumor  has  its  scat  {Pig.  191.  /*),  bnt 
tlicy  nsnally  (levelop  rajjidlv  in  oilier  organs  as  well :  in  tin*  ease  of  the 
ivinph- vessels  in  the  lyiiipli-glands.  and  in  the  eas«.'  i>f  the  blood-vessels  in 
thos<?  organs  to  wliieh  the  living  cells  arc  i-airicd  by  the  hlotnl  (ef.  §  18). 

The  sef'omlary  tuirmrs  are  developed  dii'ectly  from  the  tmnsjiorteti 
cells.   In  mffasiatfix  hj  iht!  lympht.hunnth  the  lyuiph  vessels  are  first  filled 
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Flo.  101.— fWtion  through  a  primary  carcinoma  of  the  lirer,  a,  wjtli  mul- 
tiple metiuiuuies,  b,  iu  th<i  livvr-iiuljstiiijw.     (Thre«-seventhH  life  size.) 
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with  tumoi'-cells  which  have  developed  from  the  trans]Kn*te<i  cells  (Fig. 
192).  The  sun'oinidiug  tissuo  joins  in  this  growth,  new  blood-vep^els  are 
formed;  and  in  tliis  way  a  tiunor  develops,  usually  in  tlie  form  of  nmaller 
and  larger  uoiiules;  but  it  may  also  hni>peii  that  ike  hjmph-channfh  are 
more  evenly  distended  by  the  growth  {Fig.  192),  without  any  real  formntion 
of  nmlules ;  or  at  most  little  swellingb  oectir  in  the  eourae  of  tlie  lym|)h- 
vessels.  If  the  metjistasis  takes  plaeeiu  h/mph-gJaNda,  these  swell  up  into 
nodules  of  riinaller  or  larger  Hize,  ami  tlio  tumor-tissue  gradually  t^kes 
the  place  of  the  gland- tissue. 

When  the  mef(ii<fa.s:is  takes  place  through  the  bload-ve^eh  the  first  de- 
ve]i>pnient  begins  with  the  tumor-cel3s  whirh  fonn  the  embohis  in  artery, 
capillary,  or  vein  ;  and  under  certain  comUtious  the  %Ts»eis,  especially  the 
capillaries  (Fig.  193,  b,  r),  may  he  filled  thi-oughout  a  considerable  extent 
by  tliH  gi'dwing  tunior-cells.  The  tisi^vie  in  whirh  the  tumor  embohis  de- 
velops remains  passive  at  first,  and  its  specilie  comijonent^* — e.g.,  gland- 
cells  {(J)  and  mustde-eells — undergo  atropliy  and  finally  diwapprar.  Later, 
the  blood-vessels  and  conui^ctive  tissue  take  part  in  bnihling  up  the  sec- 
ondary tumor. 

Li  its  fiu'ther  development  the  secondary  nodule  becomes  shaqdy 
diflferentiated  from  it.*<  surroundings  and  inciv»uses  in  bulk.  lint  4it'teu 
enough,  at  least  in  places,  gi-uwth  by  intUtralion  jtensist^,  and  under 


mm^. 


v;;: 


Fir.  192. — Metaatntie  carcinoma  of  the  periarterial  and  peribronchial  l>Tnph- 
vpssfls  of  the  luug,  foUowinjf  cai-cinnma  of  thf  stomach,  a,  Artery;  6,  Bron- 
chus; t,  Periarlerial  and  penbram-hial  UTiiph-vessflrt  filled  \nth  tumor-cells :  d, 
Pulinonan*  tissue  showing^  single  cellH  in  the  alveoli.  (Preparalii>n  liardened  in 
Midler's  duid,  stained  with  ha-niatoxjliu  and  eosixi,  and  mounted  in  i'anada 
balsam.    Alagntfied  25  diameters.) 
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proper  rcmditions  wide-sproad  diffuse  tumors  develop — as,  for  iustauco, 

iu  the  liver  (Fig.  193)  and  in  lM>ne-inarrow. 

The  number  of  metastases  taking  plaoe  by  lymph-  or  blood-chaunels 
varies  greatly  in  diffei-ent  cases,  and  may  be  limited  to  4»ne  organ  or  may 
affect  many.  In  rai-o  eases  the  seeds  of  the  original  tiuiior  may  sprea*! 
through  almost  the  whole  Ixxly.  so  that  larger  and  HinaMrr  noiliilcs  apiwar 
in  quie.k  sneeeRsion  in  tlie  m()st  diverse  partes — iu  glands,  muscles,  skin, 
etc.  This  is  i>ossiI>Ie  when  a  tumor  situated  in  the  lung  or  iu  a  bmue.hial 
gland  breaks  into  a  judmonary  veiji. 
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Pia.  193. — Metastatic  Baronma  of  the  liver  following  primary  Rarcoma  of  the 
parotid,  n,  Rmad  framework  of  liver-cella :  fr,  SarcomatJ^ms  tiMiiUc  dcveIon6»d  in 
the  vt^ssels;  c.  Single  tumor-cells  in  (he  liver-capillaries;  rf,  Framework  of  Uver- 
cells  which  have  tmdcrgone  atrophy  and  fatty  degeneration.  (Pn'paration 
treated  with  Plemming's  Kihition.  stained  with  Ba&anine  and  picrot-armine, 
and  mounted  tu  Canada  balsam.    Magnified  150  diameters.) 


If  a  bit  of  tumor  capable  of  f^M-niing  metastases  b«  transphiuted  fit)m 
one  animal  to  another  of  the  same  species,  it  sometimes  happens  tJiat  it 
will  develop  in  the  second  atiinial.  We  may  therefore  have  xneh  a  thing 
as  rt  metastasis  from  one  atiimai  to  another.  In  a  similar  way  we  may  have, 
in  operations  upon  man*  transplantation  of  bits  of  tnnior  fi'om  one  part 
of  the  body  to  another,  and  these  may  eontimifi  their  growth  in  the  new 
situation. 

Side  by  side  with  the  progn-ssive  deveJopmcnt  of  tumors  we  find  ven»' 
often  indeed  retrogressive  changes ;  and  especially  in  rapidly  grooving 
celhdar  tumors,  which  increase  by  iufilti*ating  the  suiTounding  tissues,  we 
may  find,  to  a  marked  degree,  fatty  or  myxomatous  degeneration,  pig- 
mentation, necrobiotic  changes,  and  h»morrliagic  infan^tion,  so  that  tJie 
tissue  often  shughs  comphtehj.  The  destm(!tion  of  the  cells  in  uodtilar 
tumors,  in  case  it  is  followed  by  a  resorption  of  the  ]>roducts  of  degen- 
eration, may  lead  to  shrinking  ami  the  formatiott  of  rirafn'rial  contractions. 
Very  often,  too,  we  find  cijsfs  confainimj  ihf  prmiuds  f\f  tlefjenerathn,  and 
even  ulcers ;  and  in  the  case  of  earcinomata  of  the  mucous  membranee, 
the  parts  of  the  tumor  whicli  grow  up  alx*vu  Uiu  fiui*face  are  apt  eventu- 
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ally  t4i  (lisiiit4'pri*att*  and  <lisnj(iK'«r.    Rf'tntjrreHHJvo  cliuiijp'K  unuully  do  not 
o<.?cur  ill  t-hiwly  frif)^)!!^  dens*.*  ttinun'H. 

NecTosiK  aud  disiutet^atiou  of  tin*  tunior-tiHuuHB  ftoldorn  l<'nnifi/it«  hi 
a  cure.  This  is  most  likely  Xo  IiajuM-n  if  ii  jiolyiwid  im-w  trrowth  lM*f'ora(*j* 
totjilly  nei?n>tic  (for  example,  as  a  ivkiiU  of  twiHtinp  of  ifn  \ti'ihiuo\f)  and 
slouphs  away.  UhuhUv  in  tumors  wlii<'h  liavc  u  lfiuii'n«'y  tft  xmdtrtyo  n-- 
ti-otfrcssivif  flinnjrt's  aud  to  diftiiitA'gTatc,  whilt-  the  oldor  iM:»iii«)n»*  aro  fnll- 
iuff  tM  pieL'es,  tlie  tuimn*  in  t'onstantly  jp*owinjf  at  the  \>L'ripUvr}'  and  oon- 
Ktautly  iuv4»lviup  new  tiKsucs. 

If  H  tumor  is*  extirpal^'d,  r<'<^ovc'rj-  may  taki*  jilfl/'ft;  but  t<»  irwtip**  thin 
all  j>arts  of  the  tumor  must  he  removed  or  destroyed.  TIjih  in  luont  readily 
aw'omplished  in  the  ca*e  of  nlow-ffrowiug  tunion*  which  (rn>w  by  <-xi»fui- 
fiiou  and  have  i^har|»ly  deiined  U>r*lerK.  In  turuorH  whieli  ^row  )iy  uiM- 
tratiou  it  is  ver)-  diflieidt  to  define  the  limit  of  the  tunmr,  whieh  ofti*u 
*'Xt-ends  far  beyond  the  jMtiiit  wliere  any  ehanffc  in  ttu*  tiMniie  ih  nppnr«-Tit, 
ConjM^qnently,  in  Hueh  oam'i*,  H^>on*'r  ar  lat^r  a  recurrence  i**  apt  to  take 
|ihi4"e  iu  the  operatitm  sear,  the  n*eum'ni'e  prf»winjr  from  |*orttonM  »ff  Um 
original  tnnior  whieh  were  not  removed  (Kij^.  liM,  a).  Sueh  ri'^'nmaoem 
heliave  exaetJy  like  the  orifcinal  tumor,  and  can  al«o  form  mHA«tAMtt 
(Fie  VM,  b,  r). 

Tumors  are  usually  classed  as  benijcnant  and  malignant,  acyyfrdtnK 
to  their  elinical  and  anatomi'^al  ehanu;tcri»ti('N.  The  iH'tiifjrn  tiimom^  a«  a 
nde,  grow  sh»wly  by  fximiiMfm.  auil  do  not  fonn  m«-tjp*tnjM*ft.  The  ma\i%' 
naut  tnmons  on  the  otlier  hand,  bt*»w  rapidly  aud  by  infiltrntion,  xiwtU^tpt 
degenerative  c-hangie«  more  readily,  and  (five  riw  t'l  tiM-ta«t«M-M.  Tlw  wa* 
li^iant  tumors,  generally  Mj«eakiiiK»  ^re  Hie  carriuomata  and  nan^ofguiUk 
It  mn>tt  \ff  rejDeml>ervd,  thimffht  that 
the  malignaucT  of  a  tumor  depends 
on  ita  locatioo  as  well  as  on  its  na- 
ture. Tbna  a  beni^  (Efrvwth  can 
cause  malignant  svmptomji  if  iim 
ptescDctf  izkterferen  with  the  ftuxv 
Tioius  of  vital  ofgaiu.  So,  fw  rx- 
auiple.  e^^enr  tomor  of  tht  brain  or 
,«f  ilH  ■wniwif  a  beeomea  a  daaippr- 
oas  affeetion  at  tlie  mooient  when  it 
interferps  wiA  the  foDetioiia  of  tb« 
brain ;  a&d  woA  heoigii  traoKMn  •• 
fibrricnata  <if  tlw  BCrms,  fc^  example, 
aa  aoon  —  they  grcnr  large  rmtm^  to 
and  dispUee  odMT  oripMii^ 
\it\mJkM  opoa  as^artmCiw 
igrovtiia. 
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CONNECnVE-TISSUE  TUMORS. — FIBROMA. 


occurs  for  the  most  part  in  connection  with  the  malignant  growths  called 
cancer  and  sarcoma,  and  may  be  caused,  at  least  in  part,  by  the  great  de- 
mands which  the  rapid  growth  of  these  tumors  and  their  metastases 
make  upon  the  nutritive  supply.  A  still  more  important  cause  may  lie 
in  the  fact  that  the  tumor  may  interfere  with  the  mitritiTe  processes. 
For  example,  in  carcinoma  of  the  oesophagus,  stomach,  or  intestine,  the 
function  of  the  affected  organ  is  profoundly  interfered  with,  and  the 
assimilation  of  food  may  be  almost  completely  prevented.  It  must  be 
further  observed  that,  by  the  degeneration  of  the  tumor  and  the  continu- 
ous secretion  from  the  resulting  ulcers,  often  a  great  deal  of  albuminous 
material  escapes  from  the  body ;  while  from  the  putrefactive  processes 
substances  are  often  formed  which,  when  absorbed,  act  injuriously  upon 
the  system.  Finally,  the  pain  which  is  often  experienced  in  a  tumor 
may  rob  the  unfortunate  patient  of  his  sleep.  Whether  the  tumor  itself, 
in  certain  cases,  manufactures  substances  which  are  poisonous  to  the 
body  in  general  is  unknown,  but  the  possibility  of  such  a  thing  cannot 
be  denied. 

II.  The  Different  Varieties  of  Tumors. 

1.  Tumors  which  Develop  from  the  Middle  Embryonic  Layer. — Connectire- 

tissue  Tiimors. 

(a)  fV&roma. 

§  111.  A  fibroma  is  a  tumor  composed  of  connective  tissue.  It  is 
usually  in  the  form  of  a  «o(?€,  sharply  differentiated  from  the  surround- 
ing tissue  J  usually  it  affects  only  one  part  of  an  organ,  but  in  excep- 
tional cases  it  may  convert  an  entire  organ  into  a  single  great  mass  of 
tiuiior.  If  it  occurs  on  the  free  surface  of  a  mucous  membrane  or  the 
skin,  it  oft^^n  forms  &  papilloma. 

The  consistence  of  the  fibroma  depends  on  the  character  of  the  con- 
nective tissue.  It  is  often  hard  and  tougli,  creaks  under  the  knife  (des- 
moid inmor),  and  presents,  when  cut,  a  white  tissue  much  like  tendon ; 
and  in  other  eases  it  is  soft  and  flaccid,  j)resents  a  grayish-white  cut  sur- 
face, and  is  somewhat  translucent.  In  still  other  cases  the  bands  of  con- 
nective tissue  are  white  and  glistening,  yet  the  tumor  as  a  whole  is  more 
open  in  its  structure  and  is  correspondingly  flaccid. 


Fig.  195. — Section  through  an 
oedematous  fibroma  of  the  uterus. 
The  bundles  of  connective-tissue 
fibres,  which  He  close  together  at 
a,  are  pressed  apart  at  6  by  the 
fluid;  c.  Spindle-shaped  cells; 
d,  Swollen  roimd  cells;  c,  Blood- 
vessel. (Preparation  treated  with 
osmic  acid  and  mounted  in  gly- 
cerin. Magnified  about  200  di- 
ameters.) 


There  are  all  gradations  between  these  hard  and  soft  extremes,  and 
even  in  one  tumor  different  parts  may  possess  different  characteristics. 
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The  hard  kinds,  as  seen  through  the  microscope,  appear  to  be  chiefly 
composed  of  thick  bundles  of  coarse  fibres  (Fig.  195,  a),  among  which  are 
spi-inkled  a  larger  or  smaller  number  of  cells.  If  obstruction  of  the  cir- 
culation and  o^ema  supervene,  the  bundles  of  fibres  (6)  may  be  pressed 
apart,  and  the  cells  (c)  which  lie  upon  them  may  become  swollen  ((/).  By 
reason  of  these  changes  the  tissue  is  i*endered  softer. 

The  softer  kinds  of  fibroma,  which  present  a  translucent,  gray-white 
surface  on  incision,  are  usually  richer  in  cells ;  so  that  it  is  possible,  by 
tearing  a  bit  of  the  tissue  to  pieces,  to  isolate  spindle-shaped  cells  (nuclei 
with  tails).  The  intervening  tissue  is  relatively  less  j  the  flbrilhe  are  more 
t^'uder  and  are  arranged  in  narrower  bundles.  Sections  through  such 
tumors,  when  stained,  appear  full  of  nuclei  (Fig.  196,  b). 
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B*IG.  196. — Pericanalicular  fibroma  of  breast  a,  Tubules  of  gland;  6,  Peri- 
canalicular connective  tissae,  newly  formed  and  full  of  cells ;  c,  Connective  tissue 
with  few  cells.  (Specimen  hardened  in  Miiller's  tiuid  and  alcohol,  stained  with 
alum  carmine  and  eosiii,  and  mounted  in  Canada  balsam.  Magnified  40  diam- 
eters.) 


The  fibromata  develop  from  actively  growing  cells  of  the  connective 
tissue,  and  usually  it  is  possible  to  find  places  which  are  richer  in  cells 
than  the  mass  of  the  tissue,  and  in  M-hich  the  cells  appear  not  only  as 
small  spindles,  but  also  as  round  cells,  or  as  short,  thick  spindles,  or  even 
as  star-shaped  cells.  The  change  from  this  new-formed  tissue  rich  in  cells 
to  mature  connective  tissue  is  brought  about  in  the  same  way  as  was  de- 
scribed in  the  chapter  relating  to  Hyperplasia  of  Connective  Tissue. 

Fibromata  may  occur  in  any  tissue  which  contains  connective  tissue 
in  any  form.  They  ai^e  very  common,  for  example,  in  the  nerves,  skin, 
periosteum,  fasciae,  and  uterus,  and  less  common  in  the  ovary,  maumia, 
intestinal  tract,  bladder,  etc.  In  the  mamma  the  fibromata  develop  espe- 
cially around  the  canaliculi,  so  that  the  latter  are  found  to  be  suiTtmuded 
by  connective  tissue  rich  in  cells  (Fig.  196,  b). 
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Filtroiimtn  ilo  not  foiin  iru'Uwttt*ws,  but  a  iiiunUer  t»f  them  ofteu  orcui* 
togetlitT,  t'Hpecially  iiKniir  the  c-ourHe  of  uerves  or  iu  the  uterus.  M(»i*e. 
over,  it  is  not  nucoiiiTinm  t(i  see  several  rcntres  of  growth  in  a  single 
tumor;  that  is,  the  inn,ss  of  tlie  tumor  is  ituule  uj)  of  severjil  iirxhile*  or 
hands  whieh  are  scparaleU  fi*oni  mie  HnoMicr  )»y  ordinary  vonm'etive  tis- 
sue (Fi^^.  Htfj,  b).  Fihromata  are  dangerous  only  hy  reason  of  tlieir  size 
or  their  jiosition. 

Filn'oiniita  may  undergo  fatty  degfueratiun,  or  may  soften  and  disin- 
tegrate, so  tliat  eavitieware  frmned  inside  of  thi-m.  Tliese  may  also  hivak 
tlirough,  and  so  give  rise  to  uleers.  OecasionuUy  fibromata  also  become 
euli'ilied  in  part  {fibromata  of  the  utenis).  The  blooil-su])|>ty  varii's  greatly, 
ami  is  simu^times  abiuidatit,  sometimes  st-anty.  SometimpH  the  hhx)d- 
vessels  are  dihited,  s(t  that  througliout  tlie  tissue  there  seem  to  be  lai^ 
canals  or  <*lefts,  from  wliieli  Ithjud  escajies  when  the  tumor  is  examined 
in  a  fresh  statr.     Dilated  lym]th-<'linnnt'ls  an-  also  somt-tiTiii's  ohs*'rved, 

If  tlie  basil'  siilistauee  of  a  Jibroma  be  strongly  saturated  Mith  fluid, 
and  the  filn'illa^  pi-esseil  aiMiit,  we  have  un  wdfuuttons  ftbroum,  closely  re- 
sembling the  umbilieal  e(trd  in  aiii>earance. 


\  Wl.    A  myxoma  is  a  tumor  consisting  eliiefly  of  wurous  //.v.wf.  and 
is  made  up  of  eelis  and  a  liquid  or  gelatinous  intereelhdtir  substance. 

The  eclls  are  for  the  most  part 
of  iri'egidar  shape,  and  aiv  pro- 
vided witli  processes  of  vnryiug 
length  (Fig.  iy7)  which  anas- 
tomose with  one  another  [Fig. 
198,  «)■  '^I'^i*'  tissue  is  nnirked- 
ly  trauslui-ent,  soft,  ami  shows 
jtlainly  its  blood-vessels  when 
they  are  filled  with  bhH>d.  <Tel. 
atinous  masses  or  a  tenaeious 
fluid,  l>oth  of  whieh  swell  up  in 
water,  maybe  oTitaiiied  from  the 
cut  surfa<-e. 

No  tumoi*  is  ever  completely 
made  up  of  myxomatous  tissue ; 
it  is  found  usually  in  condtina- 
tion  with  other  kinds  of  ttmior- 

Fiti.  197.— Cells  from  a  rayxonm 
of  the  periosteum  of  tlie  femur. 
(<Mtld  prepnratioD.  Mftgnitled  44)0 
diatuL'ters.) 


tissue,  especially  with  connective  tissue,  fat,  eartilnge,  and  sarcomatotis 
tissue.  P\ir  this  n-asou  the  tumors  are  called  fibromyxomata,  llpo- 
myxomata.  chondromyxomata,  and  myxosnrcomata  (Fig.  19S). 

Myxomatous  tis.sue  nuiy  1h'  ih-veloped  from  fibrous  tissue,  this  traiis- 
fonuation  being  due  to  the  fiiet  tliat  i\  Huid  coutaiuiiiLT  nniein  (rollects  iu 
the  meshes  (»f  the  iibrilla*  and  then  gnidujdiy  causes  the  latter  to  disap- 
jiear.    When  adip(»se  tissue  liecomes  myxomatous  the  fat  disapijcars  from 
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the  cells,  wliioh  then  grow  small  and  become  etar-shaped,  while  a  jelly-like 
material  eoutiuiuug  miK'iii  appears  hetwtit^u  the  cells.  When  cartilage  is 
trousformed  iiito  myxomatous  tissue  a  mucoid  degeneration  takes  place 
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Pm.  11)8.— Section  of  a  inyxoBnivonm.  a,  MucniiH  tissue ;  6,  Strings  of  cells; 
c^Fibronft  tissue.  (Preparaticm  stainetl  with  camnne  and  mounted  in  glycerin. 
Jlagnifled  260  diameters,) 


in  the  hasiu  snbstamre,  while  the  crlls  <-lianp^  their  shape  (ef.  Fig.  145). 
Myxosareomata  (Fig.  liW)  may  devchip  out  of  myxoninta  through  an  in- 
ereajse  in  tlit*  prolifenitive  iietivit>*  of  i.'ei*tniii  gi-nups  of  eell8,  or  they  may 
develop  from  sarromnta  thituigh  the  accnuHdation  i>I"  rnueus  lietween  tlic 
cells  of  thi*  tumor. 

Myxouuita,  myxtttibmnuita,  and  myxoUpomatH  are  developed  most  fre- 
quently in  thv!  conueetive  ti.'ssuo  of  iK-riosti'iiuJ,  J^kin,  fasi'ia*,  and  sheaths 
of  musrh's,  or  in  subcutiint-ouH  and  suhsi'roti.s  fatty  tissui^^  or  in  bone- 
man'ow.  Myxoehondromata  oeeur  in  the  piwotid,  and  are  even  quite 
common  there. 

They  are  always  benign  tiuuors,  formmg  no  metastases.  M\-xo8arco- 
inala.,  on  tlie  other  hand,  have  tlie  cliaraeteristies  of  sarcomata,  and  con- 
ftu|uuntly  may  form  metastases. 

(c)  Lipoma. 

§  113.  A  lipoma  is  a  tumor  eomposed  of  ufUpose  tissue.  These  tumors 
are  sometimes  soft,  sometimes  solid,  usually  nodular  and  loladated,  and 
tliey  often  reaeh  great  size.  Their  structure  is  very  like  nonual  suheu- 
taneous  fat-tissue  ;  that  is,  they  tu'e  eompo-sed  of  lobides  of  fat,  which  are 
held  togetlier  by  thicker  or  thinner  connective- tissue  st^pta. 

Microscopicidly,  t^'o,  a  li]:>oma  greatly  i-esemVtles  the  lobides  of  sul>cu- 
taneous  fat,  although  the  cells  tu*e  usually  of  greater  size  in  the  former. 
If  fat-tissue  and  mucons  tissue  grow  together,  as  often  happens,  the 
tumor  is  then  ejdled  a  lipoinyxonia  ;  or  if  tliere  is  a  great  deal  of  fibroua 
tissue  it  is  called  a  Hpoflbroma  or  a  fibroHpoma. 

Usually  lipfunnta  develop  from  fat-tissue,  Vtut  they  may  also  grow  fi*om 
connective  tissue  tliat  has  normally  no  tat — e.g.,  from  the  submueosa  of 
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the  intestine.  CaluificAtion,  necrosis,  gaugreue,  and  sloughing  may  all 
oc'cur  iTi  Irtrge  lipumata.  These  tumors  do  not  fonn  metastasee,  but  some- 
times many  of  them  appear  at  one  time.  A  complete  di&appearanof  of  n 
lipoma  d(K'K  not  occur,  even  when  the  individual  undergoes  a  marked  gen- 
eral loss  of  rtesh. 

Lipomarn  are  sometimes  observed  even  in  new-born  chiliiren,  a*,  for 
instance,  in  those  cases  wht^re  they  an?  found  in  or  over  the  clefts  beUnig- 
ing  to  spina  bifida  :  but  ihey  niurh  more  i»t"teu  develop  for  the  fii'st  tiuH- 
in  lat^r  years.  The  favo?*ite  s(*at^  of  thf^st*  growths  ai**  the  subentuiifoub 
tissues  of  tlie  Itai'k,  luitttveks,  mvk.  axilla.  abthirneJi,  and  thigh;  bul  tliey 
ma}-  also  l)e  fountl  in  the  pount'ctivf  tissuf  si*parating  individual  nm*^ 
cles,  in  the  adipose  tissue  of  the  abdominal  cavity,  in  the  kidneys  and 
the  niamniii,  under  the  ajxmeurosis  iijton  the  forehead,  in  the  meningi"*, 
in  the  hand,  fingers,  etc.  A  rare  condition,  which  oceni's  in  men,  is  that 
which  is  characterized  by  a  new  gniwtli  of  fat  on  the  neck  and  tJiroat. 
This  eondition,  wliieh  has  been  described  parlit-uljirly  by  EngUsh  autliorx 
manifests  itself  ui  the  form  of  knobbed  and  lobulated  sllvrations  of  the 
skin  in  this  region.  Madehuig.  wli<»  hits  recently  investigated  the  mat- 
ter carefully,  gives  to  the  condition  (he  luime  t*f  fiitii/iit^rk.  The  tlevelop- 
ment  of  fat  in  these  eases  takes  phwe  partly  in  the  subcutaneous  tisRue 
and  partly  in  and  under  the  fasciie  fliid  between  the  muscles. 


(ci)   Chondrtfma. 

§  114.  A  chondroma  or  cnchondroma  is  a  tumor  consisting  easeii- 
tially  of  rartihnjf.  The  amount  of  i-onnertive  tissue  found  in  its  struc- 
ture, covering  its  surface  i.r  penetmting  its  interior  as  a  fniniework  for 
the  blood-vessels,  is  so  slight  as  t^o  be  quite  lost  sight  of  when  compared 
with  the  cartilaginous  tissue. 

Cartilaginous  tumors  are  usually  developed  in  those  places  iu  which 
cartilage  is  found  normally — tliat  is  to  say,  iu  some  i>ai't  of  the  osseous 
system  or  in  the  cartilaginous  parts  of  the  ivspinitory  appHratus :  but  they 
do  occur  in  tissues  which  nornifilly  have  no  cirtiljige,  as,  for  exanijile,  iu 
the  parotid  gland  or  in  the  testicle — moiv  rarely  in  otlier  organs.  They 
may  develop  in  hours,  fitini  nninins  of  caililagt>  left  intact  at  the  time  of 
ossification :  but  they  are  nioie  apt  to  arise  in  the  nmrrow  or  in  the  jieri- 
osteum.    These  tumors  vai'y  g?*eatJy  in  size.     The  small  ones  are  usually 

spherical  in  shajte :  the  larger 
ones  km>bb4»d  or  lobulated.  The 
individual  nodulen  are  se]>arated 
from  one  another  by  eoimeetive 
tisane.  Sevend  of  them  often  in*- 
curat  till-  sartie  time,  partieularlv 
in  the  hands  and  feet,  although 
they  may  als<»  (Icvehip  in  other 
part**  of  (he  skeleton. 

Pio.  11)9.— Section  throug-h  ii 
cljoiiilnmm  of  the  ribs.  CarlilHiCf 
contain ine^ many  rclU:  a,  Hmall;  K 
Large.  (PrepHnition  stfline<l  witli 
hf^matoxyhii  and  cannine,  an<l 
rnounteii  in  Cnnada  balsam.  Mnn- 
iiitieil  HO  ilinRU'terM.) 
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The  tissue  of  an  eiichomlromn  is  usually  tliat  of  hyaliue  cjirtilage  (Fig. 
Il»9);  Ifss  oft^'u  is  it  (romiiosrd  of  ivtictilnr  or  filjnieai-tilago.  Still  there 
are  often  tilirous  imt^-hesin  the  hyaline  eartihif;*'.  The  periphei*y  is  often 
eoinposed  of  ttbroiis  tissue,  whieh  eonstitut«?s  a  sort  of  peinebondriuni. 

'lh<'  iiuniher,  sizi',  Utnn,  autl  ammtreraeiit  of  the  eells  varv  greatly  iu 
iliffereiit  cm-hondroiiiata,  and  also  in  the  Hanie  tumor.  Certain  ones  eon- 
tain  iiiiuiy  cells  (Kig.  ItiO).  otlu*i*s  few ;  then,  ag-aiii,  some  have  small  eells 
jiiiil  others  larffc;  and  nthi'rs  still  have  lH>th  lar^'  nnd  small  eells. 

The  ceUs  therai!!i''lves  have  sometimes  capsules  and  sometin»es  none; 
simiHtimes  they  lie  in  gnuips  iu  a  mother-eapsule,  sometimes  the  individual 
eells  ar»^  scattered  about  iu  a  regidar  manner.  All  the  varieties  of  ear- 
tilat^i*  wliich  exist  iiorMially  may  l>e  found  iu  tiuuoi-s.  Aeeonlinjjly  we 
find  erlls  of  diiTen-nt  fonns.  tlu>  majority  of  them,  however,  heiug  of  the 
i-oiuid  form.  Xevrrtlu'less  it  iseomniou  enrm^li  to  find  spindle-  and  star- 
shnpf  d  eells.  espeeially  iu  the  ueiglihorhood  of  the  eouneetive-tissue  Viands 
whieh  separate  the  tumor  into  lobules  or  surruuiul  it  as  awhoie.  What 
WHS  said  in  ^  1)1  holds  ^o<x\  liere  with  ivferenec  to  the  meth*K)  ot  develop- 
ment. iSoiiieliuie.s  eailihi^e  forms  the  matm,  sometimes  boue-unu'iMW,  or 
periosfiMUu,  or  boue,  or  one  of  the  forms  of  fouuivtive  tissue.  Cartilagi- 
nous tumoi-s  growing  from  eartihige  have  bcfu  dejiomiuaVed  errftondroses. 

The  tissue  of  eaehondromata  is  often  Kiiliject  [o  retrograde  meta- 
morphoses. Some  of  the  eells  ofteu  eontiiiu  fat-drops.  In  large  tumors 
thf  basit^  substance  uften  nnth'rgoes  anun-uid  ilegeneration  and  becomes 
Hiiid.  The  i-esult  is  either  the  tWnuition  of  nmrous  //x.vmc  (§  127.  Fig.  230), 
thus  giving  rist'  toaehondromyxoma;  or  the  intercellular  substain'e  uuilor- 
goi's  complete  licpu-fiietiou  and  the  eells  are  destroyed,  iu  whiidi  I'li^v  rystit 
with  tluid  *M>nti-iits  are  formi'd — the  result  of  S4jftening  proiM'sses.  Iu 
other  (;«.s(_'s  eartihige  ealcifies^  or  genuine  Itotn-  may  1m'  formed,  so  that  the 
luime  osteochondroma  must  he  employed  in  designating  such  a  gmwth. 
I*\  excessive  prcditVration  of  thecL-liH  of  thi*  cartilage,  sarcomatous  tissue 
may  result,  and  the  neoiila^stu  becomes  a  chondrosarcoma  (ef.  $  127). 

Aucm-hoiidrntnaisusuMliya  Ijenign  growth,  aUliongh  in  c^irtain  cjises 
of  mixed  tumors  nietasla.scs  niav  oi'cur. 


{e)  Osteoma, 

§  ll'i.  An  osteoma  is  a  tumor  consisting  of  fume.  Tmnora  of  this 
nature  arn  gcneraUy  founil  iu  eoniu'ction  with  the  osseous  system  (Figs. 
20O-2U-),  l»ut  they  may  occur  elsewhere. 

New  growths  <jf  hone  in  c(mtieetion  with  a  nonnal  bone  have  beeu 
variously  designated  according  t^>  their  hicwtion  and  relations.  If  a  new 
gi*owth  t>f  bone  is  diffusi'ly  spread  out  it  is  t'alh'<l  a  /Nfp<roHiosis.  If  it  is 
eoutincd  to  a  liniite<I  iircM  it  is  calh'd  an  oxfnt}ihtftt\  nr  if  of  considerable 
size,  an  fj-oshsis.  Cirfutiiscrilic<I  bt)riy  growths  inside  of  b<?nes  are  called 
fitosfosf^ft.  Nt»w  growths  of  bone  which  are  not  attached  to  old  bune  are 
of  four  sorts:  mututUh  pfriotiff.tU  ej'o.v/n.«.v,  wliich  are  suiToumbMl  by  the 
tissiK's  t»f  the  penosteum.  hut  are  separate  from  the  boue;  parosteal  onie- 
oHuttd,  whieh  have  their  seat  near  a  l>one;  tJisromt^rfrd  ostrtimftfa,  which 
aif  removed  to  siome  distanee  from  any  bone  and  are  situated  iu  tendons 
and  muselos;  and  finally,  h*  ferojthisfir  osff^nmofd ,  which  occur  iu  the  luugs, 
meninges,  diaphragm,  skin  (very  rare),  parotid  gland,  etc. 

Thi^  teeth,  li>o,  may  have  exci'es{»ences.  If  they  arc  formed  from  the 
enamel  they  are  ealled  tletttoi  osttoimUa;  if  fi^oiu  I  lie  dentine,  oihufoinafa. 


Fn>.  200 
one  six  til. 


Tlio  latter  i^amo  fi*oTn  n  li%7>rr- 
phistic  dt'wkt|mieiit  of  tlic  pulp 
<lii!')njj:  the  formation  vf  llie 
tooth. 

We  Villi  tlividf*  osteomatfi 
into  hiird  or  churtHous  {osUohui 
fhtrtnn  or  fhttntettui)  (Figs. '-0O 
am]  20:i)  and  Hotter  spomfij 
foniia  {osteoma  sponffkii<uni  or 
'nn'fhiJhn)  (Fijs.  201).  The 
former  citnsitst  of  a  ilnn,  coni- 
jinet  tissue  like  the  c<)rti<'al 
jiortioii  of  the  sJjafts  of  long 
holier,  and  have  veiT  narrow 
iiuti-ieiit  eaiuUs  (Fig. '202);  the 
latter  aw  made  up  of  thinner 
and  nioiv  delieate  uiaRses  of 
lione-tissuo  with  wide  inwlul- 
laiy  Spaeths,  iniitatinir  in  their 
structtnv  the  fiineellons  tissue 
of  bones. 

Pig.  201.— Cartilaginous  ex<is* 
tosift  of  the  upn<>r  diaphysis  of 
the  tibia.  (RctWed  nl)out  one 
ihird.) 
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Sotnetinies  tlie  surface  is  i*egiilui*  and  smooth,  bo  that  the  whole  tnmor 
lias  the  niiiH*(ii*ane(;  of  a  bull  nr  a  knoli  on  a  stem  :  or  it  may  W  invpnlar. 
rough,  ami  warty,  so  Uiat  it  lias  no  Ucfiuite  shapf  (Fig-  201).    The  fonntr 
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Fig.  202.— Ebunicons  o«tooinn  of  occipital  hone,  seen  in  a  frontal  section. 
a.  Osteoma;  i».  Wall  of  cranium.     (Eight-ninths  life  size.) 


is  the  t*ai*«  with  tin*  ivory-iike  nodiiiles  whieli  most  eommonly  apjifar  as 
exostoses  ou  th*»  skull  (Ki^s.  '-tMI  and  2(f2),  while  the  latter  is  tnie  of  the 
spoiipy  exostos^'s  and  the  disconni*i*ted  and  lu'tcroplastie  (tsteomata,  such 
Jl-s  ai*e  observed,  for  instiinct*,  in  the  fjdx  of  the  dui-a  mater. 

Osteoniiitu  iK'<*nr  either  sinfjlij  or  in  muttiph  fonu,Hud  the  latter  mode 
of  oeeniTenco  is  rather  connnun.  The  ivon*-like  exostusf.s  (*f  the  skidl 
(Kijj.  llflO)  and  tho  oslmniHtM  of  (he  duni  mater  often  d(*veln|)  in  j^'PHt 
ihiiiiImm-s.  ami  oireumserihed  Itony  growthn  nniy  fonii  in  lari^re  nunibi'i-g 
on  the  Ixnies  of  the  tnnik  and  lower  extn*mitie.s.  In  sueh  cases  the  eiiiph- 
yses  or  {Kiints  of  insertiim  of  tendons,  or  iKitli  toother,  are  the  favor- 
ite seat«.  Sneh  ^rowtlm  are  evidently  to  he  referred  to  an  inlieriled  dis- 
position, on  the  ]tart  of  the  points  affeett'd,  to  over^'owth,  or  else  to  a 
disMirbanee  in  tli**  develo]»niont  of  the  skeleton.  Sometimes  a  transmitted 
teu(h*nev  eau  be  proved  (ef.  Vol). 

The  bony  tissue  is  develo]ied  partly  through  the  formation  of  ostetv 
bljists.  as  deserihtsi  in  5  01,  ]i:iHly  tliroujrh  the  metaplasia  of  fonued  tifi- 
sues  (§  y.j).  The  matrix  is  frvrmeil  eliiefly  from  the  connective  tissue  of  the 
periosteum,  as  well  an  from  that  of  the  site  whence  the  osteoma  sprin^rs; 
also  from  the  cartilag:e  and  the  nmrj-ow.  If  an  exostosis  develops  in  sneh 
a  manner  that  eartilajje  in  lii-st  formed  from  the  iHricist^uin  or  the  mar- 
ri»w,  and  then  hone  develops  out  of  this,  we  apply  to  this  tlie  term  ntrti- 
hiffinouit  ejrosfosin  (Fig.  201).     Hut  if  this  intermeiliate  stajre  ot  cartilage 
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is  wanting,  and  tlip  exostosis  develops  directly  from  tiie  proliferaliug- 
periost4?uru,  then  we  term  the  growth  a  rtmnecfiveMssnf  exostosis  (Figs.  2(K) 
and  202). 

Many  of  the  new  ^M*owth8  of  lK>ne  which  ronie  under  observKti<tn  are 
not  tiiujors  in  the  strict  sense  of  tlie  term,  hut  hyi)ei*i>Jat;ia4i  i-esulting  fi-oni 
excessive  gi-owth  or  inrtuinmatory  pi-ocesses.  This  is  true  of  many  hjin^r- 
ostoses,  osteopliytes.  nnd  exostoses,  as  well  as  of  a  part  of  the  parost*»ses 
and  dise()uneeted  ustcumatu.  Seniles  4>f  iM)new]iich  in  nu*e  e«sfs  funn  in 
the  nmcoua  mcnihninc*f)f  tlic  niT-jiassagcs  are  best  ex]>htined  as  i*rrr>rs  of 
deveh)p?nent.  Tlie  fiiniiatiinisof  hone  wliich  i>ceur  in  t\u'  deJt4Md  nnisele 
and  iu  tlje  adductors  of  the  thi^Hi  from  coihstniit  caiTA^ing-of  amuskct  and 
horscha<*k-ri<Iinir  inu.st  he  l<H>ked  upon  as  tumors  which  owe  their  <jrijrin 
t*j  a  l(»cal  e(Hi(LrcnitHl  i»rcdispositi*>n ;  for  the  coitiieclivc  tissue  belitn^ng 
to  musch^s  sliows  itself  possessed  of  qualities  whieli,  as  a  nih*.  behm^  only 
to  the  ]>enosteum  and  Itone-man-ow.  Tfie  so-called  myusitis  ossificans — 
that  piM'uhar  disease  of  the  nuiwdcs  whicli  is  chann'terized  by  a  pro^rrt».s. 
sive  ossification,  in  childhood,  of  their  connective  tissue — is  to  l»e  inter- 
pi*eteil  in  llie  same  way  (cf.  I*iitholoj/ical  Anat4)my  of  the  Muscles). 

(/)  Anffiimia. 

§  llfi.  Under  the  name  angioma  are  g:i'oupe<l  thos*'  toir  (jrotrfhs  ht  fhe 
stturtitre  of  tvhifh  hhiMl-irsSfis  or  ttjmph-vesM'U  coustifnif  xuch  an  important 
jHirf  ifs  to  thtermiue  the  rlmrftrter  of  ffitf  tttinor.  The  vessels  of  sucli  a  tumor 
are  only  in  part  of  new  fornuitiou;  the  remainder  are  oht  vessels  whicli 
have  been  mojv  or  h'ss  trhan^ced,  these  chanjjes  c(msisting  of  dilatations 
and  hypertn>phies  of  the  vcswl-wjills. 

Vascular  tumors  wliich  aris4'  from  blood-vessels  are  called  haeman- 
giomata,  tfv  mtijitftmifu  in  the  restricted  sense  of  this  term  ;  while  thost; 
whieh  arise  from  tyioph-vesscls  are  called  lymphangiomata. 

Hsmangionia  simplex,  or  telangiectasia,  are  terms  used  todeseril*e 
a  formation  in  which  tliere  are  an  aimormnf  ttumUr  of  itoniml  hliMtfl-ressels, 
or  fthnonmifff/  hroud  hfood-nssels,  ov  ntpillartps  and  vein:*  whose  strnrture^  in. 
jmti  at  (fast,  is  ahnornnth 

Suelt  fi>rniati«>ns  are  commonly  found  in  the  skin.  They  are  usually 
contrenitjil,  but  ^row  after  birth.  They  are  called  vascular  n«vi  {mt-ri 
vasrttlosi).  and  are  often  found  in  places  wheiv  fo-lul  clefts  hii\c  closed 
(fissurni  anj^niiMiata).  It  is  often  impossible  ti)  sjH'rik  of  such  a  formation 
as  a  true  tumor,  for  the  skin  nuiy  not  he  raised  iit  all.  Hut  there  a?***  also 
telanpecriises  wliich  (h-serve  the  name  of  tumor.  In  these  not  only  the 
skin.  Vjiit  also  the  subcutaneous  ti.ssue,  may  be  the  seat  of  the  disease ;  and 
in  them,  fiirthenntu'e,  the  ectiitii'  vessels  are  sepanUcd  by  cniinective  tis- 
sue of  iiew  formation,  and  the  tumor  presents  itself  either  as  a  sharply 
defined  i.n*owtli  or  merely  as  a  fliickeuiii<^  of  the  skin,  Tlie  smooth  nft'\ai8 
is  a  sup<'rticiai  substitulion  of  another  tissue  for  that  of  the  skin.  The 
color  of  the  atfected  ]iiirt  is  cither  hrifjht  mi  {ftarus  ffammrns}  or  hhtish 
ntf  {ntints  I'iuffsu.K).  I'snaily  the  line  of  ilcnmrention  between  healthy  and 
affected  skin  is  imt  a  slitn']i  one.  C)u  the  border  of  the  chief  mark  or  iji 
itfi  neighborhood  arooftc:i  little  circinnserilK-tl  rcil  s]»fits,  presenting'  some- 
times the  apiwHrauce  of  onti'unners  fr4>m  the  centre  t«f  the  4lisease. 

The  red  c^dor  is  produced  by  dilated  vessels  full  of  bloiKl,  which,  situ- 
ated either  iu  the  corium  or  in  the  subcutaneous  tissiii'.  fonn  little  sacs 
td'  hhioil.     More  rarely  than  iu  the  skin  do  we  tiud  similar  antnomata  iii 
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glaudB  (the  broast),  in  b^mes,  nud  iu  the  brtiin  and  spinal  cord  and  their 
membraues.  On  tlie  otlu^r  Imixl,  wt*  ofh'ii  tind  iiitalu^)u.s  idtcrattons  of 
the  vessels  in  tumors — e.g..  in  ^lioinatik  <ir  siircomata. 

Tlie  vrts<'ular  rlimijres  ciiusiKt  for  tin*  nmst  j»urt  ttf  rirruinsrnhtuf  tlihi^ 
taihns  of  prerxistimj  or  unv-formetJ  oipiihirifs  (Fi};.  2*13).  Tlie  dilatation 
is  either  fusiform  or  eyliiidrieiil  r>r  sjiiMMiIaled  or  .splicrieal.  or  one  of  the 
eniUess  iM>ssibleeonibiimtioiis  ot*  these  different  t'oniis.  The  larger  lilood- 
cavities  eoinmuuieate  with  one  auolher  by  means  of  ana.stornosiit|b!  eapil- 
laries  of  normal  nr  inoderattly  inereased  lumen.  The  vessel-walls  are 
thin  ;  that  is,  in  comimrison  with  normal  eapillarics,  they  are  only  slightly 
thi(rkened. 


Fifi.  203. — Dilated  ciipillnries  from  a  telniijrie'^tatip  tumor  of  the  brain,  all 
the  attniihetl  portions  **t  tut ui>r- tins ue  laiviiig  been  sliakuu  ulT  iu  water.  (Mh^l- 
Aetl  200  dianitftere.) 


Simple  hypertrophic  anj^ioma  is  a  term  applied  to  a  tumor  com|)08ed 
<»f  eupiUuries  with  dilnh*d  Inuiina  and  givatly  tliiekeued  walls.  It  is  most 
fretpirntly  fouii<i  in  tin-  skin  and  subeutam-ons  fis.sue,  where  it  produees 
a  KAvellin*;  iniieli  like  a  wart  and  often  (tf  about  the  same  color  ns  normal 
skin.  The  size  of  tlie  vessels  in  this  variety  of  anjfioma  is  not  so  great 
as  in  that  ali-eady  described;  the  vessels  art\  however,  so  numerous  that 
in  set'tion  they  seem  to  lie  side  )\v  side  (Fig.  2<14),  with  but  very  little 
intervening  tissue.  Tbe  vessel-wall  is  4lisprt)]>oi'tionately  tliielc  and  rich 
iu  eells  (P^ig.  -04),  likf  tin*  wall  of  an  arti.^rioli'.  In  rare  eases  it  is  seen 
that  the  en<lothelia  have  become  I'hangc,!  into  eells  rieh  in  i»rotoplaxm, 
wbit^h  pro(i*nde  more  or  less  into  the  liinn'n.  If  tbe  vessel  is  empty  and 
eontrneted  as  much  a*  possible,  and  these  eells  brt]>pen  to  be  disposed 
radialU\the  appearance  presented  is  inneh  like  that  of  a  section  Llu'ough 
19 


tht*  duct  of  a  Bweat-glaud.    The  similarity  is  made  even  more  striking  by 
the  fact  that  the  tiunor  ih  ciuniKiwd  of  several  nodides  or  lobules  bound 

together  by  connective  tissue,  eneh  of 
which  is  made  up  of  a  eoil  of  hyperplae- 
tif  vessel**.  Moreover,  the  loViules  do 
a<"tiially  sometimes  iuelose  the  duet  of  a 
real  sweat-gland  (Fig.  204). 

If  the  ectasia  is  huiited  U*  a  gT«iU|>  of 
veins,  while  the  eapillaries  belonging  to 
them  are  slightly  tn*  not  at  all  affected, 
we  have  au  angioma  simplex  venosum 

Fig.  204. — Set-tinu  ihmugh  an  angii»iua 
simpltjx  liyp»'rtn>phicuiii  tuitanfuin  et  sub- 
cutjiincura.  In  the  niitUdlo  of  the  section  is 
the  duet  of  n.  sweat- jflfitid  mit  transversely. 
(Prepaniticiii  stniiu'd  with  alum  carmine  and 
iitoimted  in  Canndii  balsaii].  ^Ifigniiitd  2lN) 
diniuetei*s.) 


scu  varicosum.  The  dilatations  iif  the  veins  are  partly  ryliudrieal, 
partly  botti<'-sha|M'(l,  puilly  saemilfLted,  the  walls  of  the  dilatations  Inking 
easily  distingnislmble  find  sonn'tiiries  even  ratlier  thiek. 

The  cavernous  ang:ioma,  or  tumor  cavemosus,  eonsists  nf  a  sf/stem 
of  tnde^  mriftushj  shaped  nin'ties  (Fig.  205)  separated  from  one  miofher  h\j 
were  connective-tissue  fnirfitions. 


Fro.  20ii.— Angioma 
cavemosnin  cuiHiieum 
congeiiitum.  «,  Epitler- 
mis;  by  Corium;  c,  I'av- 
ernous  blood-spaces. 
(Preparftrion  stained 
wjlh  hfniiatoxylin.  Mag- 
nified 2t^  (Uameters.) 


The  partition-walls  of  the  eavities  are  formed  of  nneleatetl  connective 
tissue  or  of  a  tissue  composed  of  spindle-cclIs,  and  at  certain  points  there 
are  openings  bv  means  of  which  conimiuiietitiou  may  take  placL'  Wtweeu 
two  mljoining  blood-<*avitir.s.  The  tissue  is  very  like  that  of  the  corj»ora 
cavermisa  of  the  penis.     Tlie  cavities  are  lined  with  endotheUura. 

Cavei-nnns  tunmi-s  are  iisunlly  situated  in  the  skin  and  in  the  subcu- 
taneous tissue,  and  they  are  sometimes  found  here  at  the  time  of  birth 
(Fig.  20o).  They  may  also  develop  in  these  Inralities  from  simple  angi- 
omata  by  continual  widening  of  the  atrraily  rctatic  blood-vessels.  They 
generally  occur  in  the  form  of  ratsetl  ]iutclicK  of  a  blnish-rwl  color,  and 
sometimes  the  patch  has  a  rough  snrfnee  (mmts  prontinens).  If  the  cav- 
enions  fonnatiim  ext^-nds  to  any  distance  in  the  skin  and  sulMnitaneons 
tissue,  we  may  have  a  deformed  condition — suggestuig  ehphatitiuitis — of 
the  parts  which  are  thus  involved. 

Among  the  abdominal  organs  the  liver  (Fig.  206)  is  most  frctjuentJy 
the  seat  of  cavernous  tumors,  which  here  form  i*edilisb-hlaek  foi%  not  ele- 
vated above  the  surface  and  not  compressing  tiie  hepiitic  tissue,  but  simply 
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plavnng  tiu'  pai-t-  of  a  siilnstitute  for  this  tissue,  lu  this  locality  cavernous 
tiiniors  arc  not  *'rni^'iiital ;  tliey  <levelo}t  first  in  advniK'ed  lif"?  l»y  varicose 
dilatHtion  of  sin^irli^  oiipilhirieH  in  an  acinufct,  in  association  witli  a  siimil- 
taue<tus  atrophy  of  Uie  liver-celJs  [Fi^.  20ti).  In  tlie  beginuing  there  is 
no  grtiwth  of  the  vi'ssel-walls.  Latter,  wveral  eapillaries  unite  to  fomi  a 
single  cavity  through  jiartiiil  ati-ophy  of  the  separatuig  walls.  If  the  pro- 
cess extends  to  the  border  of  an 
acinus,  the  jK'Hpftrtal  eonneetive 
tissiie  forms  a  capsule  for  the  other- 
wise ill-deftned  t<'mt<uy.  Not  in- 
frequctitly  the  jdienoiufua  <tf  new 
tissue-foruiati^m  make  tlieir  apjiear- 
ance  at  this  stage. 

FlCi.  206. — I**ef*tion  througli  the  mar- 
gin of  a  verj"  small  enveruous  angioma 
of  the  liver,  at  a  time  when  this  margin 
was  in  process  of  active  growth.  (Car- 
mine preimmtinn.  Magnified  l.'>0  dia- 
meters.) 

Cavernous  angiomata  are  very  rarely  found  in  the  kidneys,  spleen, 
uterus,  intestine,  bladder,  muscles,  Iiunes,  etc. 


^vV' 
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7to.  207. — Angioma  arUtruile  plexiforme  of   the  frontal  and  angular  ar- 
teries of  both  sides. 
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A  cirsoid  aneurism,  or  angioma  arteriale  racemosum,  or  angioma 
arterlale  plexiforme  (Fij^.  *J07).  is  b  eoiulitiou  in  whir-h  tlie  arteries  ot  a 
wholes  group  aiv  tUIiited,  tortuouti,  and  tliiokt-iu'ti.  so  that  tlicy  form  a  con- 
volution of  enliU'getl  artvHes.  T)»t>y  fet'l  to  the  jnilpatiug  finger  like  a 
l)uu«h  of  earthwiuTus.  Alauy  of  tliese  augiouiata,  which  are  foujid  par- 
ticularly ttn  llie  head,  aud  wliidi  may  cause  erosion  of  I>oue,  are  cougeuital 
ii)  orif^in ;  othcj-s  ai»pcar  to  be  ac<iuired,  aud  devehip  iu  cons*.'i|ueuce  of  a 
trauuiatisui. 

§  117.  Angioma  lymphaticum.  or  h/tnphanginma,  is  compose<]  of  a 
tissue  the  greater  part  of  wliicli  is  uiade  ujt  of  tlilaitd  h/iuph-irsAeLs  (Fig. 
208).  The  dilfereut  forms  are ;  Ipnphmtijiomfi  ititfiplex^  or  hUimjiedami 
itfmphativa  ;  hjmphtttujtoma  nu'eniositm  :  and  hjuiphmujioma  cysiouieH.  The 
fluid  coulaiiied  in  tin-  cnvities  is  iisually  a  clear  aud  bright  lymph,  but 
somi-timcs  it  is  niiJky. 

Ill  the  simple  lyinpliaiigioina  tin?  lynJpli-^•esse]s  to  a  greatt^r  or  h\SB 
distance  arc  dilated,  and  tlirir  walls  arc  usually  thickcucd.  In  Iht*  cav- 
eruous  lymphangioma  (Fig.  LM)Hj  tlic  vessels  are  still  nmre  incrcjised  both 
in  number  aud  iu  sixe,  while  the  iuttTVeuing  tissue  is  diniiiiished  in  quau- 


e-  '•■ 


Fio.  208. — Lymphangiomfl  cnvemostnni  jnihcutaneum.  n,  Ectatio  lymph- 
vesjH'ls;  h^  Fibrou.s  tiHsue;  c,  Fat;  '/,  I^arger  Mor»d-ves.<els;  e,  Ollular  tissue. 
(Prepamtinn  wtained  with  aluni  ciirmine  and  iiionnted  in  t'anada  balsam.  )[a^- 
niiiea  20  diameters.) 


Hty,  so  that  even  to  the  naked  eye  the  tissue  appears  s]Minp^\  Tlie  cystic 
lymphaiigiomata  contain  cysts  from  the  si/n  of  a  jiea  to  that  of  a  walnut 
or  greater.  The  tissue  lietween  the  dihited  l\-m]ih-vessela  is,  aeconling 
to  the  part  from  whirli  the  tnmor  sjirings.  connective  tissue,  or  fat  (!Fig. 
20>i,  c),  or  muscle,  nr  some  other  tissue.  Sometin>es  this  tis.sne  ineludes 
foci  of  lymjduidenoid  tissue  (p).  Moreover,  it  may  present  the  signs  of 
active  pndiferatioii. 
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Lyniphangidinata  Htv  w»inetiineH  coiijyenitiil,  sometimes  acquiretl.  As 
a  4Miiif;riiitrtl  plii'inniH'Uou  tctiisiii  (if  the  lywiph-veKsi'lK  in  ohfjervMcl  in  (liT- 
ferutit  l'i»riiis.  iiHrticiilarly  in  l}\v  tongue  {mnrroyhufxm),  m  the  palate,  m 
tlie  lips  {tudft'ochvilia)^  in  the  skin  {iHtymt  Iijmphatirus).  in  sn)irutaneons 
tissue,  in  the  neck  [hiftjroum  nMi  cinttjfuitnm),  in  the  vulva,  etc.  Lyinplmn- 
urieettiKia  of  the  skin  is  often  also  an  aetjuireil  disease,  as,  for  instance, 
in  the  thiy"h  or  tlie  wr<»tnm.  .Sonietinies  tlie  Ijinphjiugiijniata  form  largre, 
well-ih'tiiu'd  tumors  (Fig^.  20S),  wliieh  fluetiiate.  If  tlu*  cavi-rnous  develop- 
metit  of  the  Hiih(.Mitane(His  lynipli-vessels  spreads  over  hirfje  ai'eas  of  the 
skill,  coiiditioiis  outwardly  n-senihUng  those  of  chphtiafiftsis  may  n'sult. 
In  siirh  eases  the  intei*venmg  tissue  usually  takes  part  in  the  hy|)ertrophic 
g-ruwth. 

If  the  Buperfieial  dilatations  in  a  cutaneous  Umnhaugrionm  hurst, 
lympluMTha*a  may  ivsuU.  Ei-taMa  of  the  lymph-vesst-ls  is  often  aeeoni- 
paninl  liy  eon neetive-t issue  hyperplasia  of  ilie  skin  or  some  other  organ. 

In  very  rare  eases  rhf/Inttffiotna(a.  eontaiiiiui^  rliyle.  Hp[>enr  in  the  ecnu'se 
of  the  lyrnpli-vessels  of  the  intestine  ov  nu-sentery.  I'ystic  lymphanp- 
oninta  of  the  pentoneuui  are  also  extremely  rare. 

Certain  pei-uliar  pathnloj^cal  formations  in  the  skin,  which  are  gome- 
times  ef)njrenital  and  sonieriuies  develop  in  the  early  years  of  life,  and 
whieli  are  deserii-»e*l  as  pi^nneuted  nani,  leutigiuts,  epiieliiles,  and  flesliy 
wartx,  helong,  aeeordinji:  to  their  niifro- 
seopiea!   struoture,  to  the  Iffwpluuft/io- 
tntiiii. 

The  pujmfnifAl  turn  (no'vi  pitftttfutnsi) 
(Fig.  209)  form  lar»r*n*  or  smallrr  piniiiie.s 
Bitnatf-d  on  the  same  level  with  the  snr- 
r<:mndin^  skin  (uievus  spiJus),  or  raised 
al»ove  it  hke  warts  (nipvus  prominens,  .^?^'\' 

mrvus  vernieosus),  and  often  studded 
with  hairs  (nH;v^ls  pili>sus).  They  aiv 
pale  lirown  i»r  ihii'K  hrown  or  bhu-k 
(Fiir.  2l)!)).  and  aiv  usually  eovered  by 
normal,  less  often  by  hyp('rtri>phi*'d  epi- 
deiTuis.  They  are  usually  snuill.  hut 
tliey  may  Iw  as  lar^^e  as  an  <»r(liuary 
plate,  and  in  rare  instanees  they  may 
c<;ver  a  iarjjc  part  of  tlie  body. 

Lenfitjiuftt  appear  at  any  time  after 
birth,  and  on  any  part  of  tlie  surface  of 
tla*  body;  and  when  tmee  formed  they 
remain  for  life.  They  ehistdy  resemble 
the  Utile  ]njLrmeuted  mpvi,  and  form  well- 
detined  spots  of  a  yellow  or  bmwn  ttr  al- 
most black  eolor,  and  as  hirgo  as  a  pin- 
heail  or  larj^r. 

Ft'rrkhs,  or  rphrliths,  are  il!-ih'ftned, 
nuf^dar,  [ude-brown  spots  not  elevated 
above  the  surfaee,  whioli  appear  in  the 
early  years  of  life  on  faee,  hands,  and 

Fio.  2C)9.— Larue,  hanl  pigmented  DW\nis  of  the  back,  huttocks,  and  thigrlis, 
with  scattered  smaller  pi^n3**^nted  spots  oa  the  vipper  part  of  the  body.  (After 
Rtibring.) 
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seldom  elsewhen*.  aiul  whioli  eitlier  remain  perniauently  or  iu  course  of 
timo  disappear.     The  pigmentation  is  favored  hy  tlie  sunlight. 

Fleshy  warts  [rffritrff  rarnetr)  tir^  non-pigmeiUed,  well-defiued,  smrHitli 
or  slightly  roughened  (Pig.  210)  or  very  uneven  papillary  growths  caused 
by  a  normal  or  hypertrophic  epithelium  {Fig.  211,  a). 


Pig.  210.— fiection  throujch  a  slijfhtly  uneven  fle.shy  wart,  a,  Epidermis;  fc. 
Cutis  J  the  cellular  uew  u^wth  at  c  is  iu  the  (nitin;  at  e,  in  the  papillte.  (Prop- 
aration  stained  with  aniline  hruwn.     Magnillod  10  diatueten).) 

In  all  of  tlie  pathological  fonimtious  just  described  the  connective- tis- 
sue fi-amework  incloses  masses  of  cells,  eitheT  in  round  ginmps  or  drawTi 
out  into  bands.    They  lie  partly  in  the  papilla^  and  partly  iu  the  coHuiu, 
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Fig.  211.  -Section  through  two  pnpilliP  of  a  v>apill<mmtou3  flofhy  wart.  «, 
Thickened  h< »niy  layer  <if  epidermis ;  ft.  Epithelial  pearls  ;  r ,  Rete  Malpighii ;  d, 
Neatfi  aud  Htrinps  of  cells  in  the  i)apil]a'j  du  Nests  and  cells  iu  the  reticular 
layer;  e,  Connective  tissue.  ( i^repHmt ion  iitained  with  carmine.  Maguitled  50 
diameters.) 
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and  are  moi*e  alnindant  in  those  oases  whore  the  growth  is  elevated  above 
tilt  surfuot,'  of  tin*  skiu.  lu  the  pijruicnted  (jfio^vths  these  eells  eontain 
the  [Hpinent,  usually  iii  the  form  of  yellow  aud  brown  gi'uuides,  l>ut  altio 
diffimrd  tliinm^hiiut  tJii'  siihstftuee  of  tlie  cells. 

So  far  as  can  be  judged  fi'om  the  jHisitioii  and  arrangement  of  the 
cell-niasses,  it  seems  prubnbh'  that  the  eells  aiv  pathologieally  developed 
from  the  endfithelial  cells  f»f  tlie  lymph-vessels ;  so  that  the  growth  e-an  be 
rw^kiminl  with  the  lyinphaugioniata,  and,  under  the  name  hfmphn/njwmu 
hijpeftrophhumy  it  may  well  be  jdaeed  by  the  side  of  the  ha'man^nonm 
hyiHTti'ophieum.  In  eonsiilei-ation  of  the  marked  endothelial  pnflifeni- 
tioii  which  takes  place  in  thi'sect-lluhir  na'vi.  tbt'V  might  be  cla^^si'd  among 
the  i'ndotheliomata  or  among  the  Ijnnphangiosarcomata  (cf.  §124);  Imt 
the  limiteii  chai*aoter  of  their  growtli  militates  against  this  classification. 


iff)  Mj/oma. 

§  118.  Myoma  is  the  name  applie*!  to  a  tnrnor  whose  chief  structural 
elements  are  newly  developed  mujtruhir  Jibres.  An  obvious  division  is  into 
leiomifouiatn  if  tlte  muscular  fibres  aj'e  of  the  smooth  variety,  and  rhab^ 
domtfoiiiafit  if  llu-  tiUres  ai*e  striped. 

Leiomyomata,eulU?d  also //(f/f)^uff^f/(fr/>l«//«^I>T.v, occur  most  fre<piently 
in  tlie  nteritSj  less  often  in  the  ninscuiar  layers  of  the  alimentaiy  canal 
or  in  those  of  the  urinaiy  tmet.  Thev  are  rtiunded  nodular  tunioi"s  like 
the  fthronuita.  In  exceptional  cases  tney  are  fouud  in  the  skin  and  siil>- 
cutaneous  tissue,  where  they  fonn  small  nodulcf*  which  only  i-arely  attain 
tlie  size  of  a  pigeon's  egg.  They  occur  either  singly  or  in  larger  number, 
and  nmy  apj^ar  in  early  cliildbotnl  i>r  even  before  birth  (ManO. 

If  the  new  growth  lakes  place  in  muscular  organs  it  proceeils  from 
the  muscular  layer,  forming  in  its  developntent  bundles  of  muscle-fibres 
(Fig.  212)  intei'woveu  iu  various  directions,  and  giving,  therefore,  in  seo- 


FiG.  212.— Section 
thnmgh  a  leiouiyonm, 
showing  the  nuclei  cut 
both  longitudinally  Hn<l 
truuHversely.  (After 
Perls.) 


tk>it  a  viriety  of  views.  In  the  skin  and  subcutaneous  tissue,  as  far  as 
there  are  an}-  oKtservations  on  the  subje<:t,  the  new  growth  of  muscle-fibi*e8 
has  its  origin  iu  the  musenlaris  of  the  veesels  (Pig.  213),  which  not  only 
lieeomes  thickened  (c),  but  gives  off  separate  outnmnei-s  of  nmsinilar  cells 
(ft).  This  new  foiTmition  of  muscular  tissue  may  easily  be  asstrt'iatcd  with 
the  pathological  fonnation  of  blood-vessels  (a),  so  that  tumors  result,  to 
which  the  name  (tntfiomyomutft  apjdies  (Fig.  213).     According  to  the  ob- 


COKNECTIVE-TISSL'E  TUMORH, — MY03iA, 

8<*n*Ation8  of  Jadassolni.  uiyoiiiata  (»f  the  i<>kiii  may  bIsu  spring  from  xh 
erector  nmsf'K's  of  (lit*  Iihmi* — the  Hm'<4(tnT>  pilorum. 

A  fcrtain  anHmnl  of  comuM'tivy  tissiio  takes  jiart  in  the  foriiiutioii  uf 
aiiiyontiL.  and  ut'teii  aK.sum('H.siH*h  iitiportaiico  that  the  tumor  iU'SHrvt'itdii' 
muin'  myofibroma.    For  cvainph*.  umst  of  x]w  nivinmitH  of  thr  ut^'nisair 
!nyoiihroiimtft.  Thf  filirousronnective-tissue  ]Ktrtions of  tJip  tumor  njipoar 
y^listoiiiujj:  white,  while  tin*  muscular  parts  are  nnMish  while  or  ttriplt 
reUtlif^h  gray.     The  fusifonu  musele-flhres  may  be  isolated  by  teasing  a 
fwfih  I)it  of  tumcir,  or,  berti*r,  a  bit  whie.li  has  mm-enited  for  tw'enty-f(mr 
hom-s  it]  20  per  eeiit.  suljthiirie  aci<l^  or  for  twenty  to  thirty  minute**  in  'M 
]H'V  cent,  poiassie  hydrate.    In  a  hmji^tndinal  section  the  nmseiilar  fttufs 
are  bpst  recufrnized  by  the  statT-like  nuelei  (Kifr.  212  and  Fip.  213,  h).  w^ 
welt  a*i  I>y  the  re^ndar  arraniuienient  of  the  cells  in  bands  or  i«mdlel  lines. 
In  ei-oss-seetion   the  musele-eells  apjK'ar  a,s  little  areas  whose  iiKUid«l 
bound ftry-liuefi  are  somewhat  flattened  by  i)ressiire  one  iipunst  the  othett 
wliile  ill  the  (reuti'e  of  each  of  the^  areas  in  the  uuelem-  eut  transverselv 
(Fi{j.  212J. 
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Fir>.  213.— Snhcatanfonii  aapiomyomft  of  the  ImmIc.  n,  CftvernouB^  blofMl- 
vesftcls ;  mwwulnr  slrinp-*  etit  hniiritudinally  fit  ?».  tiflnsversely  Jit  c;  f/,  (Vmner- 
tive  tissue ;  f,  Ar1er>*  with  hypertroi)lii<'<l  muscuhirlfiver;  /,  Group  of  lymph-e«Us. 
(Prepftrntion  hardt-neil  in 'ttlcoliol,  stained  with  liffmiatoxyUn  aud  eosin,  ftod 
mounted  in  Cauada  balsam.    Magnified  '»()  ibjinivtci-s.) 

rjeiomyonnita  are  )h<tronj;ldy  Ix-nipTi  tnnioi-s.  In  fibr4»myomata  of  the 
titerus  we  often  have  proeet^ses  of  fatty  de{:enei'ftti4)n  and  yofl^^nin^.  whieh 
destroy  the  tumor  or  lead  to  the  fonnatiou  of  oystie,  eaviticH.  Caleiticntifin 
is  aljM>eonimon.  A  niyofibronwi  may  Ijeeome  a  pun*  (ibnmia  by  atrttphy 
of  the  muscular  Ubreet, 
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A  rhabdomyoma  (Zeuker),  or  myoma  8triordhdar€  ( Virchow),  is  a  nire 
tmiinr  wiio-st*  esseiitiul  part  is  niaiK'  up  of  Hlnntctl  iniisi'lr'-rtliros  either 
well  or  poorly  Uovcliipi'd.  Wlieii  well  developeil  the  uiiisoiilar  fibres 
toYiii  iincleiited  l>ainls  of  vftritms  widtlis,  whicli  show  a  trnns^'erse  (Fig. 
214,  <i,  h,  r)  autl  iu  plaees  also  a  loiipitndinal  striHtioii  ('■,/).  The  ill-de- 
veloped fomis  eoi»8it*t  of  iiariMW  liainis  with4mt  transverse  striatioii  (</) ; 
of  spindle-ei'lls  with  loii^-ilrinvn-oiit  thread-like  pntcesses  wHtliout  ti'aiis- 
vei-se  striatioM  (_(/)  or  witli  partird  tstriation  (/J ;  and  also  of  i-onniler  eell« 
of  dilti'n-nt  sizes,  wliif'l:i  sli<tw  eillier  a  nulial  or  a  eouoeutric  striatiou  (A,  i). 
Besides  these  there  are  iilsneells  whii-li  possess  no  especial  ehametenstie, 
SO  tiiat  it  is  iinposNihle  to  deeide  wlietlier  they  ai*e  youii;.'  undeveloped 
musele-eells  or  simple  eells  of  tlie  eonne^.-tive  tissue.  The  hands  as  well 
as  thesjiindlesare  usually  in  hundh-s,  and  iutenvoven  anum^^  themselves. 
It  is  usually  not  possihle  to  demonstrate  with  cei'tflinty^  on  the  surfaee 
of  the  fihres,  a  saivoleniiua ;  hut  various  tlelicate  uiendiraues  have  been 
deserihed  by  different  authors  whieh  aj)i>areiitJy  were  fragiuents  of  a  sar- 
coleniiiia. 


Fi(i.  2U.— Cells  fmm  a  rhaHdomyomn.  {After  Ribbert  and  Wolfensberger.) 
a,  l>.  c,  Fihres  of  various  sizes  with  transverse  striatiun:  rf.  Small  uiicleated  filire 
without  stntp  ;  c,  Spiudle-ceU  wiili  longitudinal  strife  ;  /,  Spindle-cell  with  loujri- 
tu<Liiml  (itid  tnmsverse  striffi;  g,  ISpirulle-cell,  nou-strinted.  with  elongated 
procpHHes  ;  A,  *,  Hound  cells  with  eonceuti-ic  and  radial  strifttiim. 


Rhabdoniy(»nt«tft  oeenr  most  fretpiently  in  the  kidnoyor  in  its  pelvis, 
in  the  testicle  and  in  the  uterus ;  seldom  in  other  localities,  as.  fur  exam- 
ple, in  the  va^na,  hladihr,  nnisides,  suhcrutJineous  tissue,  nu'dinstininn, 
cesophajrns.  ete.  Tliey  form  nodular  tumors  of  varyiu^  size,  and  if  situ- 
at<-d  on  the  surface  of  a  mucfuis  membrane  the  new  growth  is  polypoid 
or  pMpillontJitiJUs  in  shajie.  In  the  kidney  and  testicle  they  either  form 
well-deiined  nodules  f>r  else  they<'ause  thedestruetion  of  the  whole  organ. 
The  gi-owth  ttf  these  tumors  is  dne  apparently  to  misplaced  portions  of 
embryonic  musele-tissue,  and  eonsiHiuently  the  condition  is  (generally  eou- 
fjenital.  But  these  tumors  may  first  devehip  at  an  advaueed  a^e.  Some- 
linies  another  tissue — e.p..  eartilap' — is  inelude<l  in  the  tumor.  ^loreover, 
fairly  well-developfd  inusonlar  fibres  ai^  foimd  in  complicated  tumors  of 
the  tesliele  and  kidnev. 
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If  a  tumor  contains  only  a  few  cells  which  can  be  definitely  recognized 
as  muscle-fibres,  while  most  of  the  ceils  have  no  specific  character,  it  is 
usually  called  a  myosarcoma. 


{h)  Glioma  and  Ganglionic  Neuroglioma. 

§  119.  Qliomata  are  tumors  which  grow  from  the  cells  of  the  stroma  of 
the  central  nervotis  system,  and  which,  when  fully  developed,  consist  essen- 
tially of  these  cells.  In  the  brain  they  form  growths  which  for  the  most 
part  are  not  sharply  defined  from  the  normal  brain-substance,  but  pass 
into  the  latter  by  insensible  gradations.  They  often,  therefore,  convey 
the  impression  of  a  local  swelling  of  the  brain,  and  onl)'  the  difference  in 
color,  and  a  comparison  of  the  healthy  with  the  pathological  tissues,  suffice 
to  convince  the  eye  that  a  real  tumor  is  present.  When  they  occur  in  the 
spinal  cord  these  tumors  are  most  apt  to  arise  in  the  neighborhood  of  the 
central  canal,  and  may  spread  over  a  considerable  lengUi  of  the  cord. 

Their  appearance  varies  considerably :  sometimes  they  are  light  gray, 
translucent,  of  about  the  color  of  the  cortex,  and  moderately  firm  in  con- 
sistency; sometimes  they  are  grayish  white  and  of  firmer  consistency; 
and  at  other  times  they  may  be  reddish  gray  or  dark  red  in  color.  In 
the  latter  case  they  are  traversed  in  every  direction  by  numerous  dilated 
vessels.  Giiomata  which  contain  much  blood  often  exhibit  hsemorrhagic 
foci.  Fatty  degeneration,  softening,  and  destruction  of  the  tissue  are 
also  common  occurrences. 

A  section  of  a  fully  developed  glioma  shows  under  the  microscope  a 
network  of  extremely  delicate  gUstening  fibres  (Fig.  215,  B),  among  which 
are  embedded  numerous  short  oval  nuclei.  A  very  scanty  cell-protoplasm 
surrounds  these  nuclei,  and  can  be  distinguished  only  with  difficult^'. 
When  the  tissue  is  investigat-ed  in  the  fresh  state  or  after  maceratiou  in 
Miiiler's  fluid,  it  is  easy  to  detect  that  these  nuclei  belong  to  cells  that 
are  characterized  by  the  great  inmiber  of  fine  branching  processes  which 
they  possess,  and  which  extend  in  every  direction  {Fig.  215,  A). 

The  cells  closely  i-esemble  normal  ganglion-cells,  although  at  times 

they  are  much  larger, 
and,  in  some  instances. 
.   .  ,  I    \  f    \  more  spherical  in  shape. 

'>s-^4*^*i»tlli]  ri^y^^\(l  ^  ^*^'^^'  ^^  Wx^m.  contain 

^   'fei4%*  U®/  (     )  ftih.  nuclei. 

€^l§Ft§M3^'        [     Vi  J7^V^\  \  Fig.   215,— Glioma  of 

'^A^'9§ti^'*  \Vf  VVW^^^A  *^'®  cerebrum.    A,  Cells  is- 

'^Kfte*ji#ij^W  vL.       I  W  Ji\'        olated    by    teasiiifi:,    and 

W^itiM^Tm-M^  W      J    J/iS.      \'        stained  with  carmine;  B, 

T;f\Jr;.-^i^^^'  ,     JS!^y//^    \g-  Section    from    the    same 

tumor  after  hardening  in 
B  /    /  /  f    A—  ^1  Miiller^s  fluid.     (Prepara- 

tion stained  with  aniline 
brown  and  mounted  in 
Canada  balsam.  Magni- 
fied 350  diameters.) 

Investigations  with  reference  to  tlie  development  of  giiomata  have 
pnivcd  that  the  glia-cclls  ai*e  the  mother-cells  of  the  tumor.     The  gan- 
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gUon-eells  do  not  take  auy  part  iu  the  proliferative  pnn-esses.  The  abun- 
tlanoe  of  cells  in  a  jflioma  varies  greatly.  Sometimes  tlu-  «eiLs  prt'ixHulcr- 
at«  deoide<lly,  and  tlien  at  other  times  the  stroma  is  the  more  pnniiiiifut 
I>art  of  the  texture.  A  simultaneous  proliferation  of  the  cells  of  tlie  jMJri- 
vasculrtr  oounective  tissue  produces  a  gliosareoma. 

The  vessels  are  oft^u  developed  to  a  very  jfreat  degree,  aud  iu  some 
places  they  may  T>e  ootatie. 

Gliomata  usually  occur  siufrly,  and  do  not  furnisli  inctafitases.  Their 
etiolo^' is  unknown.  Sonniglioniatapr«il»tibiy  oi-iLrinate  from  imperfevtly 
devolop<>d  portii>ns  of  tlic  lu'ain  aud  spinal  curd.  Tiuuniatism  may  fur- 
nish the  excitinj;  cause  for  their  development. 

Certain  highly  cellular  tumors  \vhi<'li  ilcv^dop  in  the  retina,  and  whose 
elements  closely  rcwiuiblc  the  C4'lls  of  the  nuclear  layer  {Korner»chicht)f 
are  classed  among  the  fflimuotu.  As  their  growth  mhanccs  they  break 
through  in  part  into  the  ivtrobulbar  space,  aud  in  }mrt  forward  tlu'ough 
the  cornea  and  sclera.  Thi'y  arc  apt  to  recur  aft<*r  extirpation,  and  they 
cause  metastases.  The  (^clls  at  which  tliey  arc  composed  arc  round,  some 
with  and  s<jnie  without  processes.  It  is  open  to  d<nibt  whctlicr  tfn-wo 
tumors  should  be  classed  with  tlie  glionmta.  They  ought  rather  to  lie 
reckoned  anmng  the  sarenniata. 

Neurog:]ionia  ganglionare  (Fig.  216)  is  a  term  Applied  to  those  new 
gi'owths  which  ari.s4'  in  the  ventrai  nervous  «i/.s^'»w<,are  composed  of  hyper- 
plastic ff/iiitffisiif,  (jitmjVionnlh,  and  nervf-fibrfu,  and  constitute  cither  ill- 
defined  swellings  of  the  larger  umsses  of  the  brain  or  cinMiniseribeil 
ucxbilar  enlargemeuta  of  small  sections  of  this  organ.     When  examined 


(.cir 


,i^ 


// 


A  B 

Fig.  2lfi. — Seotion  from  a  jioHular  n»^iirojrlinma  {raajrlionare  of  the  central 
convolution  of  the  cerel)nnii.  A,  Poi-t.iou  of  the  tumor  which  is  rich  in  ganglion- 
ceMa;  B,  Portion  coDtaininp  nerve-fibres;  C,  Jelly-like  portion,  a,  <4anglir>n- 
cells  in  groups;  h,  Indi\'idual  jranglion-celLs;  c,  Gflnglion-oells  with  two  nuclei ; 
d,  Ner\'e-flbre3  with  medullary  shoaths:  e,  GUu-fella ; /,  Bloml-vesseU  (Prepa- 
ration treated  by  Woiijerfs  nietliod  and  mounted  in  Canada  halsani.  Details 
complet^Ml  from  another  preparation  which  liad  been  stained  with  hiematoxylin. 
Magnifietl  300  diauielerH.) 
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by  the  naked  eye  the  affected  portions  of  the  brain  may  still  appear  to 
be  fairly  normal ;  but  &&  a  general  rule  the  distinction  between  gray  and 
white  substance  is  fainter  than  normal,  and  the  tissue  is  throughout  white 
or  grayish  white  or  spotted  white  and  gi*ay,  and  at  the  same  time  more 
or  less  hardened. 

These  masses  are  chiefly  made  up  of  more  or  less  dense  glia-tissue  con- 
taining a  certain  number  of  nerve-fibres  {d )  and  ganglion-cells  (a,  b,  r), 
not  only  in  the  region  of  tlie  cortex,  but  also  in  that  of  the  white  sub- 
stance. 

Probably  all  such  formations  must  be  regarded  as  the  result  of  a  dis- 
turbance of  the  embryological  development  of  the  brain — that  is,  as  local 
cerebral  malformations,  which  have  undergone  further  development  after 
birth. 

(i)  Neuroma. 

§  120.  The  tumors  called  neuromata  are  observed  most  often  in  the 
ends  of  amputated  nerves,  where  they  form  at  times  quite  large  swellings, 
which  are  either  separated  from  the  surrounding  tissues  by  more  or  less 
sharply  defined  limits  or  are  united  to  them  without  any  such  distinct 
line  of  separation.     From  their  origin  they  have  received  the  name  of 
ampufatioH  neuromata  {Fig.  217, 6).    The  development  of  these  neuromat**' 

is  explained  in  the  following  manners 
After  the  nerves  are  cut  off,  more  or  les^ 
connective  tissue  forms  on  the  stump,  and 
at  the  same  time  the  axis-cylinders  divide 
and  grow  out  in  length.  In  this  maniier" 
the  scar-tissue  becomes  supplied  with 
nerves,  which  at  first  have  no  sheaths,  but 
which  very  soon  become  covennl  with 
fibrous  sheaths  and  ultimately  with  nietl- 
uUaiy  ones.  The  mass  of  nerves  penetrat- 
ing into  the  granulation  tissue  may  be 
very  great,  so  that  the  connective  tis.sne, 
after  a  certain  length  of  time,  may  contain 
a  rich  supply  of  nerves,  which,  radiatinjr 
from  the  end  of  the  old  ner\-e,  spread 
through  tlic  fibrous  tissue  in  ever}'  diivc- 
tion  (Fig.  217,  h).  We  have  here,  there- 
fore, an  instance  of  the  useless  regenera- 
tive growth  of  a  nen'e-stump — a  gi-owth 
wliicli  exceeds  the  i)hysi(dogical  necessi- 
ties of  the  nerve  and  so  f<trms  a  tumor- 
like  mass. 

Another  form  of  neuroma  develojis 
spontaneously  in  the  course  of  a  nerve, 
without  any  outside  provoeation.  This 
tumor  owes  its  origin  to  an  increase  of  the 

Fi(*.  217. — Amputation  neuroma  of  the 
isehiatic  nerve  {nine  years  after  amnutation). 
Longitudinnl  section,  a.  Nerve  ;  6,  Neuroma, 
(Drawn  from  a  prepanition  which  had  been 
liardened  in  Miiller's  fiuid.  Magnified  3  dia- 
meters.) 
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ctiunecfuv  imue  of  thf  wn*',  usually  of  the  outt-r,  more  rarely  of  tlie  inuer 
layei*a  of  the  eniloneiiriuiii ;  im  h  n*siilt  of  wliirli  the  iiervo-buiidlcft,  at  the 
jioitit  whfre  tbi*  tuuuir  is  developing,  are  inelosed  iu  a  more  or  less  thick 
layer  of  (MOiiieetive  tissue,  usually  of  a  Itiost-  stirt  ( Fi^;.  21S,  b,  d) ;  or  tliese 
liuiuUes  are  >j.)lit  oih-h  hy  the  gri>wtli  of  eouiu't^Hvt'  tissue  into  tsepamte 
individual  ftltres.  Sometitneii  the  ppriueuriimi  is  also  involved  iu  the  pro- 
liferativr  priK-t'ss.  Wliwe  nerves  lit-  together  in  a  large  bundle  the  epi- 
neurium  as  well  as  tlie  eudoneuriuin  and  pt*riiit*nriuni  of  the  Nrnallrr 
nervcdiundles  may  Ihj  aflfected  by  this  proeess,  but  this  is  usually  not. 
the  ease. 


^wPv^^i^S 


y  . 


^ 


Fia.  218.— Nerves  from  a  cirsoid  neuroma  which  involved  the  eht^ek  and 
lower  JAw  and  pn<sented  a  r-lose  resfinbUnce  to  elephant  insiH.  «,  h.  N^rve,  the 
oaler  lavera  of  whose  endonenrium  have  undergone  deeiderl  prnliferation ;  the 
nerve-fibres  proper  occupy  the  axis  of  the  entire  mass ;  c,  Ner^*e  with  markedly 
proliferated  endoneiu*ium  and  separated  nerw-fihrt-B;  rf,  Thiokenod  ner%v  show- 
ing a  small  bundle  of  neiTe-Hbres  at  Ihe  left  end;  e.  Loose  couueetive  tissue,  rich 
in  nuclei,  lyiny"  hetw»'en  the  nerves  and  contaiaing^  fat-tissUH.  {I'ri-paration 
hanlened  in  Fli'nirniiig'B  wilntion,  stained  with  safranine,  and  mounted  in  Can- 
ada bjdi^am.     Mayrnitie*l8  diameters,  > 


These  tumors,  struetural!y  eonsidered,  nre  not  Ufuromatn.  but^Mv*- 
main  of  the  mrvt.s.  A  uuiuImt  of  them  are  usually  i)rest'nt  at  the  same 
time,  and  they  may  fM^eur  in  all  tlie  peripliern!  uenes,  aUbougli,  as  a  nde, 
tliey  are  limited  to  a  detiuite  area  of  uerve-ilistribntion.  The  mnltdes 
art'  sometimes  situat04l  ahmg  the  nerve-trunk,  wnuetimes  on  the  finest 
brauehes.  usually  of  the  eutaneuus  nerves.  Tliese  ^M^ft  coniicetive-tissue 
nodules,  whieh  are  .neattered  about  tliroiigh  tiie  skin  In  snuiUer  or  larger 
numbers,  are  termed  inuhlfth  fhromaUt  of  fhe  skiit.  The  fim-st  nodules 
ai-e  demonstrable  only  with  a  utieriiseope,  bnt  the  n.sual  size  is  from  that 
of  a  pea  to  that  (d"  a  hazel-nut.  lutlividual  tumors  may  n'Mi'h  the  size  of 
n  man's  list,  the  nerve-fibres  being  (piite  lost  sight  of  in  the  great  nniss  of 
connective  tissue,  whijse  eontinued  growMi  may  even  eaiise  theiri  to  waste 
Hwuy  entirely.  In  addition  to  this  t'orinal  'um  of  well-deHned  u<Mbdes  there 
»»iay  also  be,  throughout  the  area  of  di.stributiun  of  the  aflfeefeil  nenvs, 
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n  tiiffune  tkivlcfidntj  of  thf  tttn'4'.'JihrtSt  tho  to  hijp**rtrophtf  of  thf  contttfHrf 
tvfsue.  AuU  tiuully,  with  the  couditious  iiieiitioiieil  may  \*v  a^isuinitted  s 
liVjK^rtropiuc  tluckeuiiig  of  tbe  couueotive  tissu**  tif  tlie  skin  ppoiwrand 
or  the  KulM.Mitaueous  tisHue,  rt'&ultiug  in  ttUerntiom  of  the  skin  not  uulikt 
those  ohservitl  in  eleitfutntiasis. 

A  third  form  of  neuroma  is  the  ctrnoid  nrufoma  (Bnins)  or  plerifom 
neuroma  (Vernenil),  a  tumor  which  is  oharacterizvd  by  the  pirouTtistftiwc 
that  in  thv^  domain  of  Revtral  ni'r>'C'-brum;htfs  a  vnnvolutiou  of  t  wisr<'<l  ami 
interwoven,  thickened  and  nodular  nerves  takes  place  (Fig.  219).  An 
examinati(Hi  of  tlie  iudividiuil  cords  reveals  tliis  also  t<»  liO  a  fiin'umnUm/ 
of  the  nen'en,  the  execsaive  gri>wth  of  the  eudouoiirium  resiilliua:  luinJt 
in  a  diffuse  thi^'keninp  of  the  nervo-flbres,  partly  in  a  nodular  one.  But 
in  this  case  attention  slumld  be  directed  to  the  fact  that  the  nerves  i»  ik' 
tenitory  involved  aiv  not  only  thickeued,  bnt  uls<»  actually  ih/tp/ijwW  m 
leiujth,  and  conscipiently  ntuh-red  tortuous;  and,  furthermore,  tJial  llii* 
nerves  aj-e  iticrtHsttl  in  itmulur^  so  that  the  sum  total  of  tlie  nerves  »itiuU«l 
in  th«  skin  and  subeutamxius  tissue  is  greater  than  it  should  be  mnI*T 
nonual  eouditioue.    The  conditions  here,  therefoi-c,  are  thost»  of  a  geimitic 

neuroma,  a  nfnn>mrj  nntm.  Most 
of  the  nerves  in  this  tumor  aw 
mednllat*^!  ( neni'oma  myoUni- 
eum).  It  is  difficult  to  dittr- 
mine  t*»  what  extent  tnmor*  of 
this  natnn'  contain  nene-fibrf* 
which  arp  noii-medullat4*d  (neu- 
roma amyelinicum) ;  nevcrthr- 
less  causes  Imvc  }>cen  rep<irted  in 
which  most  of  the  fibre's  wen* 
found  to  be  uon-meduUate<l. 
Cirsoid  neuromata  occur  on  iIh* 
bea*!.  body,  and  extremities,  and 
ai*e  usually  characterizcfl  \}\ffrnss 
nlterutions  of  the  sktn  tehkh  rr- 
mimi  onr  xtrongJif  of  eiephautiasu. 
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Fi(f.  219. — CirpoiJ  neuroma  i*\ 
the  fiacral  region.  (From  a  draw- 
ing' liy  I*.  Brans.)  The  nodulfln 
twiHtHl.  and  interwoven  nerves  «« 
dissected  out  at  o,  wliile  at  6  they 
are  still  covei*ed  hy  eounective  ti*- 
sne.     (Life  size.) 


NeurofibiYimataatid  cii-soid  ncunnimtadonot  cause  metastases,  but  iu 
certjiiu  cases  neuromata  take  on  a  sarcnniati^»us  and  eonse(|uently  a  malip* 
nant  eharncter.  Ihrfiiitttrtj  trunsmission  and  cowjeniitU  prrtfijtpiNfitiwt 
have  been  |>roved  to  1)€  con(«i'ned  in  both  forms  of  neuromata. 


{k)  LtfmphadttMma  and  Lt/mphoftareoma. 

§  121.  The  term  lymphadenoma  is  applied  to  prfjwths  whioh  repn* 
sent  a  proliferation  of  Upuphmhnoift  tissue — a  pri;>liferati*)n  which  may  Iwiil 
to  a  considenilile  increase  in  the  size  of  the  l_^^»plladen*^id  oriLrans  alreft<ly 
existing  in  the  botly.     tJenerally  several  sueh  organs  are  atfected  at  onf 
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time,  as  in  the  case  of  an  entire  group  of  lymph-glands ;  and  when  this 
is  the  case  the  process  may  extend,  like  a  general  disease  of  the  body, 
over  a  smaller  or  lar^r  portion  of  all  the  Ij^mph-organs.  The  lymphatic 
glands,  under  these  circumstances,  increase  in  size  until  thev  are  as  large 
as  a  hazel-nut  or  a  walnut,  or  even  larger.  In  consistency  these  enlarged 
glands  are  soft,  and  their  cut  surface  presents  a  white  medullary  appear- 
ance. The  follicles  of  the  spleen  become  transformed  into  nodules  of  con- 
siderable size.  The  tonsils  attain  the  dimensions  of  more  or  less  extensive 
tumors.  The  lymph-foUicles  in  the  mucous  membranes  stand  out  more 
prominently  above  the  surface,  and  may  also  attain  the  proportions  of 
considerable  nodules. 

The  increase  in  bulk  is  chiefly  due  to  a  continuous  increase  in  the 
number  of  the  free  cells  which  have  only  one  nucleus.  A  few  scat- 
tering mnltinuclear  cells  may  also  occasionally  be  observed.  The 
lymphadenoid  character  is  preserved  in  the  newly  formed  tissue,  but 
the  distinctions  between  the  cortical  follicles  and  the  reticulating  medul- 
lary cords  on  the  one  hand,  and  the  lymph-sinuses  on  the  other  hand, 
are  lost ;  and  the  trabeculee  of  the  connective-tissue  framework,  as  well 
as  the  capsule  of  the  gland,  become  infiltrated  with  round  cells.  At  the 
same  time  all  trace  of  a  germinal  centre  in  the  lymph-nodes  ceases  to 
be  recognizable. 

The  cause  of  the  development  of  lymphadenomata  is  unknown,  and 
the  whole  formative  process  is  difficult  to  explain.  The  alterations  which 
take  place  in  the  structure  of  the  gland  are  opposed  to  the  view  which 
regards  this  process  as  a  simple  hypertrophy.  No  definite  proof  has 
bein  brought  forward  in  favor  of  an  infective  origin ;  in  fact,  no  para- 
sites have  ever  been  demonsti*ated  in  these  structures.  So  we  are  com- 
pelled to  reckon  the  affection  among  the  tumors. 

It  is  of  interest  to  note  that  in  part  of  the  cases  the  growUi  of  adenoid 
tissue  is  associated  with  an  increase  of  leucocytes  in  the  blood ;  while  in 
another  portion  of  the  cases  only  cachectic  and  anaemic  conditions  are 
established.  Accordingly  two  separate  processes  are  recognized — a  leu- 
rttmic  lymphadeHoma  or  (tdettia,  and  a  pseudoleucamic  or  simple  adenta 
(Hodgkin^s  disease). 

The  term  lymphosarcoma  is  applied  to  a  proliferative  process  origi- 
nating in  the  lymphadenoid  tissue  of  the  lymphatic  glands,  the  spleen,  the  ton- 
tils^  and  the  mucous  membrane  of  the  pharynx,  palate,  stomach,  and  intestinal 
canal ;  the  new  tissue  thus  developed  exhibiting  the  characteristics  of 
lymphadenoid  tissue — ^that  is  to  say,  a  reticulated  framework  which  in- 
closes cells  of  the  character  of  lymphocytes.  The  distinction  between 
lymphosarcoma  and  lymphadenoma  rests,  in  the  first  place,  on  the  fact 
that  in  the  fowner,  as  the  new  growth  of  tissue  progresses,  it  does  not 
limit  itself  to  the  lymphadenoid  organ,  but  breaks  through  into  the  neigh- 
boring structures ;  and,  in  the  second  place,  on  the  further  fact  that,  in 
the  former,  metastases  oo«ur  either  by  way  of  the  lymph-channels  or  by 
that  of  the  blood-vessels,  according  to  whichever  of  the  two  gives  way 
and  permits  the  entrance  of  portions  of  the  new  growth. 

The  new  growths  due  to  proliferative  processes  going  on  in  the 
mucous  membranes  may  form  very  large  swellings,  which  break  down 
and  form  ulcers.  When  the  lymphatic  glands  undergo  proliferation,  a 
large  mass  of  conglomerated  nodules  consisting  of  lympli-glauds  may  be 
formed.  Here,  too,  we  may  have  necrosis  as  a  result  of  oblitemtion  of 
the  vessels. 
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The  etiology  of  lyinphfwiai'coma  is  unkuowu ;  it  may  \ms  looked  upon 
as  a  i>artir*iilar  form  of  sarcoma  (ef.  §  12.*j). 

It  is  ini|MPssiblt'  In  (Iniwthf  line  shati>ly  l)etween  lymplKx^areoma  and 
lympbadenoma ;  in  fa^'t,  the  former  may  (ieveln]!  frum  tlie  latter. 

Art'oi-din^  to  Ibeir  t*tinictm-e  vre  ean  differentiate  hard  and  soft  forms 
of  lymphofiareonm,  the  latter  l)eiij^  chamct^Tized  hy  a  stiv^nper  develo|>- 
luent  of  the  reticuiiim,  often  also  by  the  formation  of  fibrous  eouneclive 
tisi^ne. 

Enlarged  Ivmphatic  ]i?landA  are  often  called  lymphomata,  this  term  being  n\h' 
plied  to  fnlirely  oiffertul  aflfectifinn  of  the  glnud.s;  iheitt'ore  to  lymphadeuonia, 
Ut  iymphojQirconia.  and  also  to  tho^*'  Hnlai^enients  whirh  are  caused  by  infec- 
tion with  the  bacilli  <if  tllber«■ulcwi."^  «»r  of  lJ^>hoid  fever,  or  with  the  rinisof  sy^ih- 
ilis.  If  the  iL-w?  of  this  term  ia  insisted  upon,  it  shoidd  alwa>'8  l>e  accompanied 
by  a  ward  which  indicates  what  kind  of  lymphoina  is  meant.  Lymphadenuiaa 
and  lymphosarcoma  are  commonly  called  malignant  Ijnuphoma. 


to  Sttteowtt, 

§  122.  A  sarcoma  is  a  conttfrtivt-tissue  tumor  in  trhich  the  cfUular  «>U- 
mntU  are  wt/rh  morf-  prtmiiumf  thmi  the  iatrrceUulur  stihsimitr^  nut  vnJy  tm 
account  uf  thfir  numhtr,  but  o/fm  aho  by  rfttn/ti  of  fhfir  sizi-.  The  siiixhi- 
mata  are  therefore  fdosely  related  tu  undeveloped  connective  tissue,  and 
a  eomi>arison  between  sarcoma  and  embryonic  tissue  is  by  no  means  far- 
fetched. 

Sitrc-omata  always  develop  in  one  of  tJie  tissnejs  Kdongin^  to  tlie  ^rroap 
of  connective  substances — that  is  to  say,  in  formed  i»r  uufonued  connec- 
tive tissue,  in  cartilage,  in  lK)ne,  in  mueons  tissue,  in  h  lyuiphatic  gland, 
or  in  adi]^iose  tissue.  The  transformation  into  tumor-tissue  takes  place 
by  trrowth  and  muItipIicHtiou  of  the  existinjf  cells.  The  cells  usually 
divide  Ity  mitosis,  and  the  faster  the  ttuuor  j^rrows  the  nmre  numerous  are 
the  mitoses.  Besides  the  typical  mitoses  there  are  at\'j>ical  forms  of  all 
sorts;  sttmetiniL*s  also  nuclei  liroken  into  fra^uent-s. 

When  fully  d*-Ml'iiM*d.  saivonmta  form  tumors  which  are  sejiarated 
from  the  sniToundijijj  tissues  by  more  or  less  shai'ply  defined  limits;. 
They  may  jfrow  in  any  part  of  the  l>ody  where  there  is  eonneetive  tissue, 
but  they  are  found  in  eei-thin  retrions  fai*  Tnore  frci|uentiy  than  in  others. 
For  example,  they  are  fiKiiul  nnieb  ofteiier  in  the  skin,  fascia*,  intermus- 
oiUar  eonneetive  tissue.  Ihuk',  periosteum,  brain,  and  ovaries  than  iu  the 
liver,  lungs,  iut4*stiiie.  and  uterus. 

Tiie  development  and  fonn  of  the  cells  vary  eonsidenibly  in  different 
sarcomata.  The  intercellular  subslance  is  sometimes scantj",  soft,  (tr  even 
like  toujrh  mucus:  }it  other  times  it  is  ni(»re  abundiint.  and  resembles  in 
character  rather  the  basic  sTrucnii-e  of  the  develoj>ed  normal  connective 
substances. 

The  amount  of  the  intercellular  substance  has  a  marked  influence  upon 
the  consistence  and  c<dor  of  the  tunmi-s.  The  medullary  variety  present^! 
amarrow-whiteor  KTa\-ish-wliite  rut  surfafe,  ami  is  rich  in  cells  and  p<^)or 
iu  intercellular  substance.  A  hard  and  dense  tumor  is  p<H»rer  in  cells 
and  richer  in  fibrous  intercellular  livMie.  Such  timjors  shade  by  insen- 
sible ^luhitioiis  into  fibroinjita.  Varieties  upon  tltc  bonlcr-linc  are  called 
fibrosarcomata.  The  cut  surface  of  a  .sar<*onm  presents  throu^rhout 
l>retty  ncjiHy  the  same  appearance,  unless  retrograde  changes  or  an  un- 
etpial  distriliution  of  blo(Ml-vt*sstds  cause  differences.     It  is  usually  uni- 
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fonrily  smooth  and  of  a  milk-white  color  iti  the  iiu'iliillur}-  forms,  or  olt-ar 
giTiyisli  white  ami  somewhat  IraiiNliuviit,  nr  iff  a  iirijL'lit  ^'niyiKh  r^d  or 
fr!*ayish  lirowii.  in  thf  linner  viirictifs.  Tho  hard  varit*tit.'s  uiv  of  a  hril- 
harit-wlnte  tn'  yA\it\\\sh-w\ntv  r'o]or. 

The  dt'velnpiiiciif  iti  hlond-Vfssfls  varies  in  sarcomata.  Sometimes  the 
VPss»4.snreroinarkii)tly  niiiTH-Tons  and  hrond — in  fart.i'ftatic  [fthiujitftfitic 
MrntuHitu).  I'Miidly  tlie  vessols  have  walls  oaf*ily  distinpnisha!de  from 
Uie  tTmior-siilislarn'(\  Imt  tlie  tuiiior-eeUs  Ihemsehes  may  nl(<o  eoustitut^ 
the  outer  eelts  of  the  walls  of  the  veswds :  and  in  stu'h  a  case  tlie  cells  of 
the  wnllsof  tin-  vcswl?*  also  take  part  in  the  ^rowHi  of  I  hi- tumor.  Lyniph- 
vesst'ls  have  not  been  denionstrated  in  sarcomata. 

Hetrojri-Hile  eltanj/cs — smdi  as  fatty  (h-jjeneration,  itnieoiO  degt^nei*n- 
tir>n.  lii]iiofaetion.  cheesy  de;rem*ration.  necrosis,  hieniorrhnf!;**,  gnnjjreiie, 
ulceration,  etc. — are  eonimon  oeeuiTeuces  in  sarcomata. 

Sarcomatous  tumors  may  Vte  di\i(ie<3  into  three  classes.  The  flrst  of 
thewe  incluth^K  the  sim/th-  .virrmaota — sarcomata  in  the  naiTowi-r  sense, 
that  is,  tumors  whit  Ii  are  formed  Recording  to  the  type  of  ftetal  connec- 
tive tissue,  and  which  show,  thi-rcfore.  a  more  or  less  even  distrilmtiou 
of  the  cells  without  niiy  formation  of  separated  foci  or  gronjts  of  eells. 
The  H<H'oiid  ehi.ss  ineludes  those  sarc<Mnata  wliieli  show  o  parfinihtr  ur- 
ranijrmott  m\<J  (fritup'nuj  <\f  the  indintiu/tl  fhinmfs,  so  tliat  in  aiJiJearauee 
they  rcs^'mble  the  e])iHielial  tumors.  The  thiril  elass  is  eharaeterized  l>y 
nfieoiuhwff  rhotifjfs  in  f/if  f/7/.v,  fh*'  itiUrrtfftiirn'  sufisftitift,  oml  thf  hiatttf-rrs- 
.vils,  vv'liich  jfive  to  the  tumor  a  ]>ccnliar  appearance. 

The  f'tiofffifff  of  surrottiftfti  is  not  a  simple  one.  They  oeeur  oftem-r  in 
youth  tluni  in  old  ajje.  Some  devehi[>  in  fu*tal  life  and  owe  their  origin 
to  some  local  malfonmifion.  Sometimes  they  deveh)])  as  the  result  of  a 
traumn.  A  |>arn.Mtie  oripin  has  not  hern  deiiutnstrated.  Usually  there 
is  a  single  primary  tiim<ir;  hut  multiple  pritnary  sarcomata  are.soiuetiuii'S 
observed,  as,  tVir  exam jtlc.  in  the  skin  and  in  the  hone-nuurow.  Thesofh'r 
tumors  lead  to  metastases. 


§  1"J3.  Simple  sarcomata  inehide  hoth  the  soft  medullary  forms 
and  those  of  a  fh-nur  etinsi.steuey,  whieh  shade  off  insensibly  into  the 
tihro-san'omata  and  the  tlhromata.  Amoncr  these  forms  several  sid». 
4>rdinate  vaneties  may  In-  distiujrid.shed,  according  t*)  tlie  chamcter  of 
tlie  eellfi. 

Small  round-celled  sarcomata  are  very  soft,  rapidly  crowing  tumoi-s, 
whieh  deveh>p  espei-inlly  in  the  e<inneetive  tissue  of  the  limbs  and  sni>- 
ptu'l  ing  fniinework  ol  the  body,  and  also  in  the  skin,  testicles,  ovaries,  and 
lyniphatie  tdands.  Tlie  cut  sni'faee  of  a  section  of  one  cd'  these  growths 
appears  ndlky  white,  and  sometimes  shows  eascous  or  softened  aii-as.  If 
scraped  the  surface  yields  a  milky  tluid.  The  structure  is  very  simple. 
The  tumor  is  comiiosed  almost  wholly  of  iimnd  cells  and  vessels  (Fig. 
22(IJ.  The  eells  are  .small  and  fi'ail ;  tliey  have  veiy  little  protoplasm,  and 
aV|»!ierieal  or  slightly  oval,  rattier  large  and  bladiler-like  tiueleus  i/).  whieh 
seems  to  be  more  highly  develo]nHl  than  thenueleiin  lymjihatii' elements. 

Between  the  eells  lies  a  very  scanty  aui*>unt  of  grannhtr  and  delieat^Oy 
Jibrillated  intereellular  suhstJincc.  The  vessels  tnivei-se  the  ma.sscs  of 
eells  in  the  form  of  veiy  thin-walled  canals.  If  the  tutuor  be  examined 
at  its  very  margin  of  growth  among  the  tuuscular  fibres,  its  tissue  will 
l»e  found  to  present  an  aggregation  of  nuind  cells  (P^ig.  22U,  h,  r)  iu 
the  connective  tissue  Iving  between  the  muscles.  Often  in  dose  prox- 
20 
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iinity  to  the  cells  of  the  tiuuoi*  there  ai-e  lymphatic  elements  who«e  nuclei 
(d)  stain  more  deeply  than  those  of  the  tnmor  itself. 


Fig.  220. 


Pig.  221, 


\ 
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^ 
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FlO.  220. — Section  thmngb  the  margin  of  a  ttarooina  of  the  intermuscular 
connective  tissue  of  the  neck,  n^  Xormal  muscle  cut  transversely  ;  ni,  Atropliied 
muscle  out  transversely:  6,  Rotiufl  etlN  of  the  san'oma  gnkwiiig  between  the 
musole-tibres ;  e.  Mature  tumor-tissue :  rf.  Round  eelU  of  the  character  of  white 
hlood-coqtUBolefi.     (Carmine  preparation.     Magnifierl  300  diameterB.) 

Fig.  221, — Section  from  a  hTDpliosan-onia  ^^f  llie  mucous  membrauo  of  the 
nose,  after  nhaking  it  about  iu  water  to  free  it  frvtm  Ihe  greater  number  of  its 
cells,  rt,  Retiouluui;  6,  Cell;*  of  the  reticulum ;  c.  Round  cells  ;rf.  BltKul-vessel  with 
aotiTely  growing  cells.     (Camiine  preparation,     ^[agnitied  300  diameters.) 


A  Bwond  fonn  *>f  roniHl-nelh'd  win'oma  is  called  lymphosarcoma. 
This  tnmov  imitates  in  »rnu-tniv  tin-  lyniphati)-  ghmds.  at  least  to  this 
extent:  that  the  stmiim,  wliirli  ludds  t<tgeth«'r  larffe  numbei-s  of  nmud 
cells,  is  composed  of  a  vasc-ular  ifticidiim  (Fig.  221,  fi).  a  jtart  of  which. 
at  lp(U«t,  is  made  up  of  brandling  ami  anastomosing  r-ells  ih).  Thes**  re- 
lutions  an.'  easily  made  clear  by  sfiakiML*"  a  section  in  a  IcKt-tnbe. 

Macrosco]>it'idly  the  tumor  has  tin*  same  appearance  as  other  small 
rotind-ccUed  sarronnita.  and  is  as  malignimt  as  tliey  an\  iMith  by  rea«<m 
of  its  rapid  gniwtli  and  by  reason  of  the  fact  that  it  forms  metastaseR. 

Lymphosai-cfimata  (xjeur  most  frequently  in  the  lymphatic  glands  or 
the  lymphadeuoid  tissno  of  the  rnneons  membranes,  but  they  are  also 
found  in  otlur  situations  (ef.  c  121). 

Large  round-celled  sarcomata  occur  in  the  same  localities  where  the 
small  roinid-edled  sarcomata  are  found,  but  their  cells  are  much  largvr 
than  those  of  the  latter.  These  two  fonns  of  tninois  resemble  each  other 
closely,  abliough  the  large-c,elle<l  variety  is  not  so  s<ift  as  the  smftll-celled. 
The  cells  are  richly  snp])Ue4l  with  protoplnsni,  nnd  j)ossess  large  bladder- 
like oval  nnclei  (Fig.  222).  Many  of  tlic  c*-lls  biive  two  inidei,  some  more 
than  two.  Hctween  tlie  i-eils  Is  a  retienlHtcd  inten-ellnlar  snbstam*e  (Fip. 
222).  in  whii'li  both  spindle-shaped  nnd  bnineliing  cells  nnite  to  form  an 
alveolar  network  in  wliose  nieslies  tlie  large  roniid  e]>ithelioid  cells  lie. 
For  this  reason  such  tumors  have  been  called  I/nyf:  rotnui-rtUfid  afrfolar 
sarcfttnittti  (Billrotli).     Tlie  vessels  are  for  the  most  part  thin-widled. 

In  certain  f«»rms  of  large  round-i'eHcd  sarcornatA  the  cells  are  of  vary- 
ing size  (Fig.  223),  and  among  them  are  many  long  or  irregularly  shaped 
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cells,  so  that  the  tumor  may  well  be  called  a  sarcoma  with  polymorphous 

cells.  The  nm-lei,  too,  vary  niwch  iii  size  (Fig.  223)  iu  these  tumors,  hiuI 
there  uuiy  be  a  large  iiumbui'  uf  Uieui  iu  a  single  eell  (e)  (mulLiuueleat-ed 
giant  eells). 


Fig.  232. 


Pig.  223. 
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Fig.  222. — Section  from  a  funffoiil  larpre  roimd-oelJed  Kfliroomaof  the  akin  of 
the  lep.     (f'annin*'  jtroparatioii.     Mainiilied  400  diameters,) 

Flo.  2i3. — Section  of  a  Barconia  of  the  breast,  with  variously  shaped  cells. 
Of  Connective  tissue;  6,  SaTcoinatous  tissue:  c,  Smaller  cells;  //.  Cells  with  Jiyjjer- 
trophic  nuclei ;  e^  l^Inltinuclear  cells.  (Preparation  stained  \^'ith  Bismarck 
brown.    Magnified  300  diameters.) 


The  largo  roinul-relled  snreomatA  aud  the  Kareoitmta  with  pol\^uor- 
phous  eells  are  in  {jeiieral  iH)t  hio  inaLignaut  as  the  small  rouud-^'elled 
ones ;  but  nrvcrthcless  tlirv  <lo  give  rise  to  metastast^s. 

Spindle-celled  sarcomata  ai-e  amonjsr  the commtJuest  of  tuuiovs.  They 
are  usually  mueli  denser  tbuii  the  round-celled  varieties,  l»ut.  they  m»y  idtto 
}>e  of  a  Hoft  im-^hdUtnj  vharucUr.  A  rut  si'ction  usmilly  ap]>eai*s  grayish 
or  yellowisli  white  and  somewhat  ti*aiiHlueent,  <ir  it  may  present  a  more 
or  less  ivddish  hue,  by  rea^^on  of  its  vasenlanty.  Medullary  tumors  whose 
cells  liave  undergone  fatty  dr^emniition  may  have  a  injir-white  color.  In 
general  these  tumoi-s  aremuoJi  lehsmahguaiit  ibmi  ThL*round-celle<l  ones, 
hut  their  eharai'ter  iu  this  respeet  varies  iiceordiiitf  t<i  their  location  luid 
their  rirhuess  in  ecUs. 

According  as  the  eells  are  large  or  small,  wv  mny  tlistinguish  large 
spindle-celled  and  small  spindle-celled  sarcomata*  By  teasing  smidl 
hit«  of  the  tumor-tissue  some  i»f  the  cells  may  he  isolated,  and  iu  this 
way  very  long  spindles  may  oeeasioually  be  i>htainod  (Fig.  224).  The 
cells  lie  side  liy  side,  arranged  in  bnnilles.  which  iu  a  section  nuiy  l>e  eut 
transvers(dy  or  obli<iuely  or  lougitndinally — a  proof  that  they  are  inter- 
woven in  different  direetions. 

This  arniu^icnifut  of  the  spindle-cells  iu  bundles  is  often  very  strik- 
ing. In  other  cases  it  is  entiivly  absent,  and  f(tr  considerable  distances 
the  spindles  N^-ill  be  found  to  lie  in  the  same  din-ction.  Sotnetimes  tlie 
dire*'tiou  of  the  spindles  is  determined  by  the  diivction  of  the  blood-vi'S- 
s<'ls — i.e.,  the  individual  huu<lh*s  bnihl  eat^h  a  sheath  alwiut  its  own  bl()od- 
vessel. 

Between  the  .Kpindle-eells  there  nmy  be  a  very  little  intercellular  sub- 
Btanee,  or  it  may  not  be  possible  iu  the  section  to  demonstrate  any  inter- 
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cellular  substiince.  lu  other  eases  it  is  more  aVmiulniit  nnd  of  a  fil>rillary 
eharacter.  In  such  eases  the  cells  liave  less  ])i-<>toi»lrtsiii.  so  that  tifi^'u  it 
is  seai-eely  puftisible  to  di'inonstrate  any  i)rotitplasni  anumd  th^*  nucleus, 
and  the  j)roeesses  at  the  ]M)les  i>f  the  wU  seem  to  spring  direetly  from 
tiie  inieleus  (iiuelear  fiWres).  Sueh  varieties  are  dense  and  hanl.  Tbe^- 
form  the  eonueetiug-liuk  between  siu-eomata  and  fibromata,  and  are  called 
f  i  brosarcomata. 


Fig.  224. 


Fig.  225. 


/ 


-\ 


Fio.  224. — Hpiiidlt*-*'ell!*  froux  a  laiye  spiudle-ccUed  safcotna  of  the  cheek. 
(TeastMl  preparation.     Mugiiitiu<l  400  tlianieters.) 

Flo.  22;).— Cells  fmm  a  meflnU»rv  trii""*-<'*'II*'d  MJii-ccmia  nt  the  tibia.  (I'rep- 
arattoa  stained  with  hivmatoxyliu.    ^^mgnifled  400  diatiietei's,) 


Sarcomata  with  polymorphous  cells  are  also  fimnd  among  the  spin- 
dle-<'elU'd  saretniiata.  They  roiilnin  s]Mridlr-slia]M'<l.  triall^^lhlr.  and  pris- 
niatie  eells,  and  also  stai'-shnprd  ri.41s  and  eells  wliieh  are  (piile  irretrnliu* 
iu  shape  (Ti^'.  2'jrvJ.  Kaeh  erll  has  the  shape  whieh  fits  most  perfectly 
intti  the  sptirr  allotted  to  it. 

lioth  in  polyinoi'phous-<'eUed  and  in  spindle-eelletl  sareimiata  are  found 
more  or  less  nunien>iis  p:iant  eells  (Fij^rs.  '-^-'A  and  22*»),  so  that  the  name 
of  fciant-celled  sarcoma  luay  pntpcrly  U-  a])plieil  to  tliese  ttinini-s.  Tliey 
develop  niost  often  from  .mmiv  jmrt  of  tlie  okwous  system,  but  they  are 
found  in  other  parts  of  the  body  also  (Fig.  223). 

§  124.  Sarcomata  which  present  an  organoid  structure  nv*-  iisually 
found  amoiijr  those  forms  eall.d  alveolar  sarcomata  and  tubular  sar- 
comata. These  jtfi*ouths  are  eonueetive-tissne  tumors  in  which  the  cells, 
espei-ially  tlie  larg-er  ones,  are  arranp'd  in  pnvups.  so  that  it  is  possible 
to  distinpmi^b  a  rfisruhr  sfromn  and  stjinntft-  uififnyaiious  of  reJls. 

In  niaTjy  eases  the  iH-i-uHar  alveohic  ;itid  Inbuhir  strueture  <»f  th<^ 
tmuur  is  u  direct  result  of  the  partieular  loeulily  from  whieli  it  orif^- 
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iiat^«,  tlie  large  tiuuor-eells  springing:  from  partieidar  cells  of  thp  con- 
npf'tive  tissue.  S(nnt»timt*s  ihv  large  epitbeliuifl  tunior-rclls  jilaiuly  n> 
suit  frfun  a  prohfertition  of  (udothtlml  rells  (Fig.  22(i,  rf,  ^'j,  iiud  liem-e  these 
tumors  have  been  ealled  also  endotheliomata.  If  it  ean  lii^  tiemoiifitnited 
that  thej' arise  from  the  entlotlieliuiti  ()f  the  lyinph-vessels,  many  authors 
apply  the  uaine  auffiosttmwio,  or,  nmiv  corre(*tly,  hfmphmufiosarrotna,  to 
them.  Sueh  tuiM<u*s  oi-enr  in  the  sennis  meuihranes  of  the  large  canties 
of  the  body,  and  iu  the  menibranes  vf  the  central  nervous  system,  partly 


■■/^' 


\      y^*^' -*■'--■/ :jgi^ - . ■  ^m  \ 


^  •' 


f    ■*'  '  K      '  ^   ""  *     ' 


i»/^i 


Fig.  226.— Section  thmujrh  an  endothelioma  of  the  pia  mater  and  cerebral 
cortex,  diffusely  spread  out  over  tae  3m-t'a<'e  of  the  brain  and  i^pinal  eord.  a,  Pia 
mater  on  the  surface,  b,  in  a  sulcus,  of  the  bniiu;  c,  C<trtex  ;  rf,  e,  Endothelinl 
gi*owths  ill  the  Bubanu'linoid  spaces;  /,  g,  h,  Knclothelial  growths  in  ihti  pinl 
sheaths  of  the  cortical  vessels;  (,  Lon^itutliiial  secticni  through  a  vein.  {Prep- 
ai-ation  hHi'ilt-ned  in  Itliiller's  fluid,  stained  with  hematoxylin,  and  mounted  m 
('HDHdn  balsam.     Magriitied  30  diameters.) 


as  limited  iind  well-defiinMl.  ]i!nlly  :is  ill-defined  and  flat  swellings.  Wliere 
the  delieate  nu  Jiilirimcs  of  the  lirain  are  involved,  it  is  perfeetly  evident 
that  thf  eleint-nTs wiiirh  contiibutr  to  the  fniinntion  <ff  the  tumor  are  the 
endothelial  eells.  whieh  elotlie  the  ^'tmneetive-tissue  traltecula?.  and  whieh 
swell  up  and  niiilti[dy.  so  that  in  the  sul)aniehnoid  ti.ssne,  and  in  the  pia 
(Fig.  220,  //,  r),  forniatious  are  prodneed  whieh  rrniind  one  of  duets  and 
alveoli  of  glands,  or  even  <»f  solid  elub-shajied  nnd  racemose  gland-struc- 
tures— formations  whi<di  present  a  strongresemblnnee  to  what  is  observed 
iu  adenonmta  and  eareinomata.     If  the  growth  extends  to  the  pinl  eon- 
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ncetive- tissue  sheaths  whii'h  envelop  the  veswls  of  the  cortex,  we 
have  also,  iu  these  new  loealitios,  huuds  and  nests  of  large  epithelioid  eellj  i 
(Pip.220,/,<;.  A). 

In  a  similar  iimuuer  the  eiidothehal  cells  of  the  dural  hTnph-veaeck 
may  take  on  a  proliferative  aetivity  and  etmveH  the  lymph- vesBels  iulo 
glaud-like  canals  or  evm  into  solid  eoi-ds  of  eells  (Fig.  227»  r,  d),  thas  pni- 
dncing  a  peculiarly  eunstruete*!  eiidotlielioma,  one  Iiaviug  ransidrrnltli- 
resemblance  to  a  tuhuh»r  enn*iuoma.  The  eudothelictmata  of  the  pleura. 
peritoneum,  and  niaiiima  show  nearly  the  same  structure. 


*f? 


<,\^7''^.j'-rs-^ 


^^f^ 


.  .■  r  r-'.i 


FlO.  227. — Endothelioma  of  the  dura  mater,  a,  Stroma  of  connective 
hf  All  agtrregration  of  smdll  round  cells ;  c,  NestJi  and  corda  of  c«lls,  renullinjt 
froru  the  proUfenition  of  the  endothoUum  of  the  hTiij)h- vessels ;  d.  Cord  of  wnt')- 
theUal  colls  with  a  lumen  ;  e,  Area  of  fatty  degeneration  in  a  nest  of  endothtluJ 
cells  ;  /.  Cord  of  ih'Us,  f^raduHUy  mixing  with  the  VM>rdering  connective  tissuf  <* 
the  right.  (Pr**pHmIi<Hi  hardened  iu  Midler's  rtuiil,  stiiined  with  ha^matoxyliOi 
and  mounted  iu  Camula  halsam.     MagniAed  25  diamelers.) 


In  a  sciMnid  cJass  <»f  iilvtMdar  and  tuluiUtr  sarcomata  the  gi't»wth  |tr'v] 
ceeds  from  tlic  cells  of  the  walls  nf  thf  blood-vessels  and  ueighltoriiij 
tissues.     Accordingly  tlie  name  angiosarcoma  (Waldeyer.  Eolaczek), 
iaoi*e  correctly,  hitmmfufwsfircvina^  has  Vteeu  given  to  them. 

Even  in  endotheliomata  of  the  nia  mater  the  obser\^fttiou  may  be  mad 
that  the  prt>lifcrative  processes  in  tlic  ivgion  of  the  eerebi-al  <*ortex  are  coi 
fineti  iu  hirge  degree  to  the  adventilia  ot  the  arteries  (Fig.  22fi,  /,  //,  A) 
thus  leiuUng  to  the  production  of  conls  of  cells  which  completely  snrronn< 
the  vessels,  lint  tliere  ftiv  aUo  other  forms  of  tumors  in  which  this  jk'h' 
vascular  dejjosit  of  proliferating  cells  is  characteristic  of  the  tnnin 
tliroughout  its  whole  extent.  The  tissue  of  the  timior,  iu  typical  eawi 
is  almost  wholly  eomi>osed  of  a  tangle  of  vessels  (Fig.  228,  rt,  a)  who( 
walls  are  smroimded  by  hea\'y  masses  of  cells,  which  extend  even  as  fa 
as  to  the  endothclinm  {h).  Sueh  a  tumor,  therefore,  is  made  np  essei 
tially  of  thick-wnlled  eellnlar  tubes,  which  partly  follow  an  inde^M-ndea^ 
coiii-se  and  jnirtly  unite  wilh  other  tulx's  by  anastomoses,  thus  giWng  r 
to  a  complicated  mass  of  twisted  and  ioterwoveu  eurds  of  veils  {plfjcifa* 
awjiosarcoma). 
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III  ft  tyi>i(?fllly  tievflopoti  tumor  of  tJiis  kind  tho  raiusaos  of  eflls  sliow 
ft  fvlimirical  nrrau^finent ;  but  this  uri'ungeiiieut  inity  sninetimc*K  l»e  dis> 
turlttMl.  Thus,  for  cxanjiilc.  two  citntiguous  cords  nf  ci'Ils  m«y  Ixvonie 
mt-rpwl  into  one.  and  some  of  tlie  veswi^ls  inny  niidcrgo  obliteration.  If 
the  rvtnniiiing  vi'ssels  with  their  surrunndiug  couueetive  tissue  fonn  a 


Fig.  22S. — Se4<li<»ii  Ihruui^ti  a  iiutluliir  aii^unsaiv^iiiiu  t>t  llu-  lliytuid.  a,(i,  VcS' 
_^  in  section  ;  b,  Pcrivjispulnr  oellnlar  cyliiuicr  in  cnww-swlion,  sliow  intr  uumer- 
008  mitoses;  c,  Ummiliir  iniLisfS  with  w-'atttred  cella  belweeu  tlie  celluUr  cylin- 
ders. (Proparatiiin  hardcuod  in  Flemuiiujr's  mixluro,  stained  with  sjifnuiiuu, 
and  mountod  in  CoDflda  balsam.    MaKuified  tM  diameters.) 


uetwifrk,  or  if  tlio  prooess  of  proliferatiou  lias  tilled  out  the  spaees  h'ft 
betwt'eii  t)\v  wnlls  of  a  eapillaiT  network,  tlie  fully  d('velo}K-d  tumor  muy 
pregeiU  hu  alvetdar  struetnre.  However,  it  shoiUd  1k'  mentioned  here 
ihttt  ill  tw>th  enviotheliomnta  and  aujrio8iUH.'onmta  tlie  alvt'olar  and  the 
tubular  stnietnr*'  may  be  wholly  lost  ui  phu-es,  through  the  ditfuse  man- 
ner in  whieh  tiie  prolifenition 
takes  plai'e. 

An^osart'oma  oivnrs  in  tlie 
hniin,  kidney.  teshcK-.  lympha- 
tic glaniU.  brejijst,  nkin.  hone. 
tliyniid,  un<i  liver,  although  it 
is  a  vorj*  rare  oeeunvnee  in  the 
two  sitnatious  hist  named. 

Fig.  220. — Section  tlin)Utfh  nn 
Alveolar  wireotna  of  a  lymphatic 

^land.     n,   Hrroma:    6.    Ni*st;*  of  

p^Hb;  r,  Alveoh  with  <'oIU  ly-iufr  * — ^jS*88?4?'i*^- 

frpe   within    them.    (Preparation 

hardened  in  MuUer^B  tiuid.  stained 

with  alum  eartnine.  and  inotint«Kl 

in  (*Bnn(hi  balsam.   Mn|rniH<H]  liR) 

dijuueterti.) 
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Alveolar  sarcoma  develops  by  no  menus  i-ai-ely  iu  fleshy  wart*  or 

niolfs  (ir  bii'flmiarks.  Ih  Htieh  formntioiis  ili«^re  are,  in  tlu:  corinm  or  in 
the  papiil*.  peeuliaj"  uest.s  of  large  cells,  which  proliferate  a<!tively  when 
a  snreonia  begins  to  develop.  As  these  nestj*  of  cells  probably  represent 
pathologically  developed  Ipnphatic  vessels  (ef.  §  117,  Fig.  211),  these  sar- 
comata may  properly  \)e  reckoned  am<>n^  Uio  eudotheiiomata.  More- 
over, alveolar  sarcomata  iu  which  a  connective-tissue  vaaeular  stroma 
(Fig.  2'Jft.  it)  incloses  nests  of  large  cells  (ft,  r)  arc  also  observed  in  the 
bones,  h-mphatic  glands  (Fig.  229),  and  other  organs. 

The  term  nnffiwara/ma  is  not  used  Tfith  the  same  meaninBr  by  all  anthors- 
Waldeyer  intr<xlut;ed  the  niiiue  for  tumors  springing  from  tYjt'  adventitia  of 
blood- ves&els.  Kolftczck  has  extended  its  use  so  that  it  Hbidl  include  also  those 
which  spring  from  the  lymph- vessels.  It  certainly  is  more  correct,  a*  well  as 
more  practical.  t()  employ  the  name  only  for  those  tumors  to  which  it  was  origi- 
nallv  jri^cn,  and  to  apply  the  name  endothehoma  to  tumors  starting  from  en(K>- 
thelium.  If,  bowever,  the  application  of  the  term  be  insisted  upon  for  both 
classes  of  tumors,  the  limiting  adjective  ought  never  to  be  omitted;  the  tumor 
then  being  designated  either  as  a  hfemangiosarcoroa  or  as  a  lympbangiosar- 


^  12.").  .\inong  the  secondary  changes  which  a  san^onia  may  nndergi>, 
and  which  give  tn  it  a  distiugiiislung  pectdiarily,  the  formtition  of  itig- 
ment  may  he  mcntionrd  as  tbc  nmst  important.  Tliis  change,  which  e*har- 
acterizes  the  melanosarcotnata,  is  nfteucst  obsei^ed  in  sarcomata  of  the 
skin  and  eyeball,  and  the  tunmrs  thus  affected  present  a  brown  or  black,  or 
s*>nictimcs  ulst>  a  spt^ttrd  nji|X'ai-nnc<-.  Melanotic  sai-roniata  are  miUignant 
tujtnirs,  wliirh  furm  nietji-siases  and  often  iiiTwt,  by  nicinis  of  se(Mindary 
nodules,  nijiuy  of  the  organs  of  thr  body,  of  the  skin,  mid  of  the  nuiseles. 
Simietinics  the  pnnuiry  tiitiior  is  r>nly  faintly  pijiincntcd  or  pigmented  in 
part,  while  the  secondary  iHHlidcs  are  aJujost  blaek. 

Pigmented  sarconuUa  of  the  skin  grow  usually  fi-oni  mules  and  pig- 
mented warts  (cf.  §124),  and  usually  belong,  therefore,  to  the  alveolar 
giYinp  ttf  sarconutta  (Fiir.  230) ;  Imt  the  alve<dar  structure  is  not  always 
tyincid,  being  usually  nutrc  or  less  obscured  bv  an  even  distribution  of 

the  newfy  ff»rmed  cells.  The  pig- 
ment which  exists  in  yellow  and 
brown  granules  <>r  as  a  diffuse 
staining  of  certain  cells  (cf.  §  73) 
lies  often  chieflvin  the  jurivasi-n- 
hir  tissues  (Fig^  230.  <•).  Theiv  it 
is  embedded  in  small  conneiTtive- 
tissue  cells.  It  may  also  be  de- 
posited in  thelargettunor-cells(6), 

Fio.  23<),— Sectiiin  through  a  mel- 
anotic alve<dar  sarcoma  of  the  skin, 
a,  Sarcoma-cell  of  an  epitlielial  char- 
acter, coutainingone  nucleus  ;  Oi,  The 
same,  with  more  than  one  nucleus;  6, 
Cells  containing  pigment ;  e.  Stroma 
containing  blood-vessels  and  pig- 
ment. (PreparHtion  stained  with 
ho-matosylin.  ^Magnified  300  diame- 
ters.) 
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and  it!  different  pliices  may  be  found  in  ahnost  nil  tho  different  cells.  If 
the  pigmentation  is  very  i»i-onouneed,  The  celJs  may  degeuerale  and  fall 
Ui  pieces. 

In  ('ertJiin  rare  cases  tumai'a  develop  whieh  present  on  fresh  section  a 
briglit-greeu  appearnui'ej  l>eeoniinji:  diny  ^^veu  on  expoeiure  to  the  light. 
To  these  tumors  the  name  of  chloroma  hns  been  given.  Aecor<lintr  to 
tlie  reports  whi<'h  havt-  been  puMisiird  thus  far,  these  tnniorB  usually  de- 
velop in  the  jjeriusteuni  of  the  skull,  and  are  niade  up  of  round  eells  iyiuj^' 
in  a  retieulated  stnjma.  They  belong::,  therefore,  to  the  round-(.'tdled 
saivoinatii,  and  es^Mvially  to  th*^  |^roii|>  ih-si^iudeil  lyinphosareoina.  Von 
Reeklin^lmuseu  elatiseH  this  tiunor  with  tJie  lytiiphiidenoinato^  of  which 
he  riitisider.s  it  a  vanety.  According  to  Chitiri  and  Hidkcr,  the  {jreen  eolor 
is  due  to  the  pjvsfnce  in  tli*'  cells  of  >;mall  sliininjr  ^plierules  which  jjive 
the  niierocheniieal  rcaetiiui  of  fal.  The  disappearance  of  the  eohu*  in 
alcohol  lends  support  to  this  statement.  On  the  other  hand,  von  Keek- 
liii^hauHcn  claiins  Hint  llie  color  is  pjireucliyinatous. 

A  further  peculiarity  of  sarconuttoii.s  ii.s  well  as  fihronmtous  ami 
myxomatous  tumors  is  tiie  jfossible  formation,  witliiu  the  tumor,  of  eir- 
cumsi;nbed  areas  of  caleifieation.  which  resemble  the  sand  like  partieh-s 
found  in  the  brain:  and  from  this  eircnmsUinew  some  aulhorities  have 
felt  warranted  iu  ealliuitr  sneh  tumors  psammomata  {ttn't-vuhimnta.  soihI- 
Utnmn*).  Tht'V  are  found  chiefly  in  tln^  ineinbnun's  of  the  eentnd  nervous 
syste]!!  iunl  in  the  piiifid  (jland,  whrr^  th«'y  form  noduhir  tumoi>:  and  if 
thesL'  coneretions  are  present  in  sutlU'ient  nuniljers.  their  fxisteucc  may 
readily  be  made  out.  even  witli  the  nake<l  eye,  throiiL,di  their  white  e(th)r 
and  through  the  n^•4i.stauce  etie'^uutei-eil  by  the  knife  when  a  se«'tion  is 
made. 

The  lime  concretious  fonn  either  nam*!  bodies  with  concentric  laye»*s 
(Fig.  231,  u,  6.  r),  as  they  oeeiu*  uonnidly  iu  the  plexua  in  the  fonn  of 
I'rain-saud  ;  or  they  arii  more  lanceolate  (f/)  or  nodidar  (e).  As  ha«  been 
already  mentioned  iu  §  7(J.  the  basic  substance  of  the  concretions  is 
formed  purtly  of  «'onuee|ive  tissue  xvhich  has  undergone  hyaline  degen- 
eration ('/,  f),  i)artly  of  degenerated  cells  (*i,  />,  e). 


Fio.  2-Jl.— Sertion  of  a  psam- 
itiorriiL  of  tliH  dura  uiater.  a.  Hyaline 
nucl<^ted  plobule  inchidlng  a  con- 
cretion J  hy  Concretion  with  uou-uu- 
cleatcd  hyaline  border^  Ij'iHg  ii»  tl» 
brous  tissue ;  c,  Cnncretion  with  hya- 
line border;  <L  Lanceolate  concre- 
tioM  iu  conaeotirt'  tissue;  <•,  I^anceo- 
Ute  formation  t*(»ntainin^  three  con- 
cretions. (Pre^iarntion  bardene<l  in 
alcohol,  decalcified  in  picric  acid, 
and  stained  with  lia'matoxylin  ana 
eottiu.     MagaiAt'tl  2(M)  diameters.) 


m«^    -»^^  •,-:.«»        ^ 


-Vs.  ^--y 


Sometimes  deposits  of  lime  t«ke  place  iu  the  bode  substance  of  cel- 
lular sarcomata  (tf  b<uie  ( Fig.  232,  c,  it),  giving  rise  to  a  harth-ning  of  tie 
tmnor  siiuihir  in  appearan<'e  to  ossiflcatitui.  As  the  hai*deued  poitiouK 
consist  pu]*ely  td'  calcitied  connective  tissue,  and  lack  entindy  the  struc- 
ture of  bone,  these  tumors  must  not  be  reckoned  with  osteosarcomata. 
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TJiP  better  ]tlau  is  to  give  them  the  name  of  pelrifyiny  sarcoma  (jKtrcomn 

petrijiemis). 
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pro.  232. — Petrifj-iDg  lai^re-celled  mltcouiu  of  the  tibia,  a,  Polj  nior[»honi 
tunior-cella;  /*,  AJveolar  stronm:  c»  TmV>e<'iilii?  of  the  stroma  with  siitall  t-nl- 
c«reous  ooucretioiis;  rf,  Petrififd  hamis  of  tlie  stroraa.  (l^reparatiou  hardened 
ia  Milller^a  fluid  and  alcohol,  stjiiiud  with  hi:t-raatox>'lin  and  ei>s)u,  and  luount^Hl 
lu  Canada  balsam.    Ma^ified  306  diameters.) 


§  126.  Piniill\%  there  are  cei-tain  sarcomata  which  ariM-hiiracterizeU  hy 
the  mucoid  or  hyaline  dejceneratlon  (»f  a  jtortiou  uf  tlte  tumor.  If,  hs. 
a  result  of  this,  peouliar  l>ainlfi  nf  cflls.  iij?pvp»tii>ii8  of  cell*  interniptod 
here  and  then'  hy  eU-ur  hyuline  si>aeos,  and  hyaline  masses  in  elon^itod 
or  branching  fomis  are  develui>i'd,  tlie  tumors  in  wliich  nuch  changes  t;ili<* 
plaee  are  by  many  authorities  called  cylindromata — a  name  which  1ih> 
also  been  ^veii  to  cancers  in  whicli  similar  hyaline  alterations  o<-fur. 

Sometimes  even  the  oitliniiry  soft,  cellular  forms  of  sarcoma  jireseut 
a  more  tlrnn  usually  translucent  app<'arttnet',  and  a  cut  surface  wliich 
yields  a  mucous  or  si>mewhat  eloudy  Huid.  This  condition  is  due  to  the 
existence  of  a  mucoid  degeneration,  which  may  be  recoj^^nizeti  by  the 
swollen  state  of  the  cells,  as  well  as  hy  the  foruuitinn  of  drops  in  tht*ir 

interior.  In  luir<ii'ned  preparations  thi;* 
mucoid  defeneration  can  no  lonper  bt* 
made  out  easily.  The  cells  are  shruukeii 
(Fi^,  23^1,  ft},  and  st»parated  from  the  stro- 
ma {'i)  by  a  clear  zone.  Sometitne«  one 
may  come  a<?roNS  a  few  nuclei  wliich  an* 
much  swollen  {r)  and  quite  brijflit,  but 
o  their  suiToundin^^iirotopla-sm  will  Vh*  found 
to  have  wholly  disap|»eared  through  mu- 
coid degeneration. 

Pio.  233.  —  RanM>ma  myxoniatmlea.  a.  Sln>- 
_  ma;  6,  Sauroma-cells  senanifed  from  the  sln>- 
.0  ma  by  a  clear  area  (partly  the  result  of  shriuk- 
age  in  chromie  acid  ana  alcohol);  c.  Swollen 
nucleus  without  protoplasm.  (Preparatioii 
stained  in  ba^matoxylin.  Magnined  400  dia* 
meters,) 
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Sometimes  this  mucoid  degeueratiun  is  eveuly  distributed  through- 
out the  parenchyma  of  the  tumor ;  iu  other  cases  it  occurs  in  patches,  so 
that  degenerated  areas  alternate  with  others  which  are  still  iu  a  healthy 
condition.  Frequently  this  form  of  degencrati<»n  gives  rise  to  hyaline  balls 
and  branchmg  hyaline  figures^  between  wiiich  the  cells  which  have  escaped 
appear  in  bands  that  present  a  multitude  of  shapes. 

Those  tumors  whidi  appear  iu  setitiou,  even  to  the  naked  eye,  as  partly 
hyaline  and  {)artly  grayish  white  sometimes  present  a  peculiar  combination 
of  sarroniafous  and  myxomatous  tissue.  The  latter  consists  of  a  mucoid 
groundwork  and  a  network  of  anastomosing  cells  (Fig.  234,  a).   The  sar- 


FlG.  234. — Section  through  a  myxosarcoma  (cylindroma),  a,  Mucous  tissue : 
6,  Strings  of  cells^  c.  Fibrous  tissue.  (Preparation  stained  with  carmine  ana 
mounted  in  glycerin.    Magnified  250  diameters.) 

comatous  portion,  on  the  other  hand,  is  niiule  up  of  branching  columns 
and  n)ws  of  cells  pressed  close  togetlier  (6),  which  often  anastomose  and 
give  the  timior  a  peculiar  appearaiit^e. 

From  their  mode  of  coiistruetit)u  such  tumors  must  be  called  myjcosar- 
comata.  The  anatomical  reason  for  the 
existence  of  the  plugs  and  cords  of  cells 
is  not  always  discoverable.  There  is  no 
apparent  connection  with  the  distribu- 
tion of  the  blood-vessels,  for  thest^  run 
at  times  in  the  verj'  directions  iu  which 
the  cords  of  cells  are  absent  (Fig.  234,  r). 
According  to  von  Recklinghausen,  the 
cords  of  cells  may  lie  in  lymph-vessels 
and  lymph-spaces,  while  the  connective 
tissue  which  intervenes  presents  a 
wholly  homogeneous  aspect. 

Fio.  235.  —Cluster  of  blood-vessels  hav- 
ing hyaline  sheaths  and  hyaline  processes ; 
from  a  cylindroma,  a,  Small  blood-vessel ; 
6,  Layer  of  cells  resembling  epitheliim:!, 
upon  a  hyaline  bulb-like  process.  (From 
Sattler.    Magnified  200  diameters.) 
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Hyaline  degeneration  m^eurs  relatively  often  in  tingiosarcomata^  and 
in  these  prowtlis  the  coniifcti\e  tissue  and  bloiwl- vessels,  as  well  as  the 
perivascuiar  masses  of  <'eIlH,  may  in  part  be  transformed  into  a  hyaline 
substance  {Fig.  235);  a^  a  result  of  whi«h  tlie  tissue  in  ma<le  up  of  mul- 
tiform cords  and  masse*  of  ceils,  and  hyaline  massej*  in  which  few  or  no 
cells  are  to  be  found. 

A  part  of  the  cylindromata  are  therefore  to  he  reolcnned  among  the 
aiipiosarcoraata,  of  which  they  form  a  jrroup  that  is  diaraeterized  by 
hyaliiie  degeneration. 


(m)  Mired  Forms  of  the  Conneetive-lvtsue  Tumon. 

§  127.  Various  coml>iiiatious  of  different  sort*,  of  tissue-formations 
have  been  described  in  tlie  preceding  paragraphs.  Speaking  litei-ally, 
there  are  no  tumors  which  are  eomiHthcd  of  a  single  kind  of  tissue.  In 
tbe  first  place,  in  everj'  txuuor  of  any  size  there  is  a  new  formation  of 
h loot! -vessels,  and  tliose  tumors,  sueh  as  chondroma,  osteoma,  sarcoma, 
myoma,  and  myxoma,  which  are  not  made  up  of  connective  tissue  have 
uevertiieless  a  certain  amount  of  it  in  their  structure. 

Tlie  reason  why  such  tumors  are  not  spoken  of  as  mixed  tumors  is 
htjf^ause  in  them  one  kind  of  tis-sue  is  insignificant  when  compared  with 
the  other,  and  also  because  it  exists  to  a  certain  degree  ouly  for  the 
boneflt  of  tlie  other.  When  this  relation  is  changed,  s<t  that  the  lesser 
tissue  forms  an  integral  part  of  the  tumor,  and  its  prewnce  affects  the 
character  of  the  tumor,  then  the  oanie  mixed  tumor  is  npplieil,  ami  the 
name  of  one  kind  of  tissue  is  made  an  adjective  to  ((ualifv  the  other,  or 
from  the  names  of  the  two  tis,sue»  a  eumpound  nanii*  is  formed.  If.  for 
example,  tlie  vessels  are  very  abundant,  and  at  the  same  time  large  or  cav- 
ernous, as  often  happens  in  a  glioma  or  a  fil)roma,  the  tumor  is  spoken 
of  as  a  glioma  or  a  fihnima — a-s  the  case  may  be — telangiectodes  or  cav- 
emosnm.  If  fatty  and  mueons  tissues  coexist,  the  tumor  is  called  a  lipoma 
myxomatodes  or  a  lipomyxoma.  Finally,  a  combination  of  cartilage  and 
sarcoma  is  called  a  chondrosarcoma. 

CofnhintUvms  of  rnrtihginous  and  mMrois,s  Hsswes,  or  of  cnrtHaginous  and 

sarcomatous  (issues,  «»ecur  fnrquently  in  the  parotid  {Fig.  236).     Most  of 

^         ,  _  the  tumors  which  develop 

%  '/*'-**?*•■»  "     in  this  n^gion  are  Wmwrfro- 

*    -;« :«*k  **     •    .  .    fnyxomaia  or  rhondrosarr^>- 

mata  or  chondromyxosarco- 

mnfa.   Tumors  of  the  faa- 

ciaMir  of  the  intermuscular 

connective  tissue  are  often 

Fio.  23G.— Chondrojii>T[o- 
sarcoma  of  the  pnn>tid-  a, 
Cartilafre-tissue;  b,  Sarcoma- 
tU»nc ;  c,  Mucoofl  tiflsoe  \  d^ 
Cartilogt'  iu  process  of  de- 
gfneratinn  and  change  into 
sarconiAtnuR  and  mucous  tis- 
sue. (Prt'paration  hanlened 
in  alcohol,  stained  with  car- 
miue.  aud  mounted  in  Canada 
balMini.  Magnified  80  dia- 
meters.) 
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matlo  up  of  connerHre  (issue,  sareomtttous  tissue,  muantjt  tissue,  and  adipose 
lifvn^  ;  and,  in  addition,  the  tumor  is  oft^n  nf  a  telaiigiiM^tatic  oharat'tcr. 
Sach  a  compositw  growth  luay  Im*  due  tf>  the  fact  tliat  from  the  outset  tiie 
tumor  develops  aUmg  different  lines;  or,  in  ()lh**r  ratn'S,  the  eouneetive 
tissues,  After  »md*;r|n>iii{;  (^erijiin  tiecondary  eJiaiipes,  may  ^>afis  from  one 
form  to  another  in  the  same  group.  Tliiis,  for  e\aniph%  m  vkondrosar- 
t^iituitn  of  tliH  par<itid  plamK  Uie  saivtiniatous  tisstir  or  the  mueous  tissue 
iti  wout  to  tniverj*e  tlie  eartilajrinons  tissue  in  cords  or  bands  (Fijf-  2;U),  />) ; 
ttud  \n  some  plaei'H  the  cartila+re  eliau^'es  directly,  in  other  places  gnidn- 
nlly.  iiit4)  mticoug  tissue  (r)  or  into  sarcomatous  tissue  (6) ;  and  where  this 
takea  nlarn  t.lie  prnnndwork  of  the  cartilafre  (gradually  tlisappears  (</)  and 
is  n'pia<-<'d  by  a  mucoi»l  prouudwork  containing  prolifen»tinp  spindlc- 
Khaporl  iind  8t^»r-sha|K»d  cr-Ils. 

Cffnihinntitma  in  which  thn-r  i>  fletvlopntfitt  of  fxme  occur  in  those  tumors 
whicli  spring  fmm  hone.  Then*  an*  two  forms  of  tumors  in  which  such 
a  formation  of  lM>nc  oecni-s,  namely,  the  ostfochnndronw — i.e..  a  union  of 
bony  and  ejirtihiginons  ti-twucs — and  tht?  oattutstiteoma  or  osicojibroma — a 
onion  of  osseoua  and  sarcomatous  or  fibn)us  tissues. 


i/ 
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Pio,  237. — Ofilt'oid  sareoma  of  the  ethmoid  bone,  n,  Sarooma-tissne ;  6,  Os- 
teoid TUc»ue:  c.  Plate  of  old  bnne;  rf,  Vascular  fibrous  tissue.  (Preparation 
b&rdenfd  iu  Miillvr^s  fluid,  stJuned  with  heematoxyUn  und  eosin^and  mounted  in 
Caoada  balsam.    Magnified  45  diameters.) 


Tlie  ostfitsarwma  and  the  osteofihronut  may  arise  from  any  bone  in 
tlie  b<Kly;  tliey  develop  nsnally  from  the  prriitstenm.  A  characteristic 
feature  of  these  tumors  consists  in  tlie  formation  of  bony  trabetnda'  by 
raeana  of  condensation  changt-s  in  the  basic  snbstano**  (Fig.  237).  The 
new-formed  hony  gnmndwork  nniy  calcify  imme<iiat4'ly  upon  its  forma- 
ti'»n.  so  that  the  tumor  becomes  pemieat^vl  with  hanl  bouy  trabeculH*. 
But  it  of'CftsionflUy  happens  that  the  calcification  fails  to  take  place  (Fig. 
J:i7.  h),  whilf  tlic  Iraliecidie  still  prcscine  the  cbanw'teri sties  of  osteoid  tis- 
sue; in  which  case  it  is  perfectly  proper  to  give  to  the  growth  the  name 
of  Mt^oif}  sarcoma. 
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The  ogteochondrotMi  is  li  hard  tnmor  mid  is  usuaUy  found  in  connip- 
tion with  thi»  loiip  brtiu'.s;  fithtT  prruwinjr  out  from  some  one  portiou  of 
tJie  boue  or  developiuj^  all  aruuud  it  iw  if  the  latter  were  a  suaft  |iiere- 
iug  it  The  »tartiiig-ix)iut  for  the  development  of  these  tumors  is  espe- 
('ially  the  periosteuiu,  l)iit  the  houe-marrow  may  also  take  ]»art  in  the  for- 
matiou  of  canila>^  au<l  hone.  Except  in  parls  where  j>iuv  cartilage  may 
nxist,  it  is  not  jvossihle  to  cut  thnm^h  oue  of  these  tmnoiv  when  fully 
developed,  and  they  often  jfrow  to  eimsiderahle  size.  Wlien  it  is  sawed 
through,  the  surt'aep  nmy  be  very  like  a  sawed  surface  of  solid  bone. 
Only  by  eareful  observation  can  one  distiupuLsh  the  white  bony  sul>- 
stanee  fmm  the  more  transhicunt  carfilap'.  If  the  new  piiwth  has 
taken  place  at  the  same  time  in  maiTow  and  {x'riosteum  there  will  be 
found  in  the  latter  situntion  a  cartihi^nons  tissue  (Fijf.  238,  g]  thickly 
traversed  by  tra}»eeul*e  of  bone  (h),  an-anj^Hd  for  the  most  part  at  ri^ht 
angles  t4^  the  siu-fuee  uf  the  old  bone,  but  also  united  in  many  plaees  }ty 
transvei-se  uffsluKtts.  The  cartilnge  nl.-so  contains  little  clefts  and  canals 
which  hidd  the  seanty  blood-vessels  and  a  little  connective  tissue.  In  the 
cortical  layer  nf  the  Itoue  ('/)  are  set*n  h  (jreater  or  less  number  of  HiiverT** 
ian  canals,  dilated  and  filU'd  wilh  cartilage  {r)  even  to  the  smallest  cleft 
and  to  ever)' canal  which  harbors  a  blood  vessel,  while  this  cartilage  itself  ia 
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Kirt,  238. — 8<*ction  through  an  oateoid  chondroma  of  the  humerus,  o,  Cor- 
tical layer  of  the  humerus;  h,  Mrdnllarj-  ciiWty ;  c.  Periostcjil  nvw  fyrowth;  rf. 
Normal  Haversian  (miiuiIh  ;  e,  Dilated  HjiVersiati  canals  fiUetl  with  curtilage  con- 
taining at /new-formed  bone;  g,  Cartilage  fonned  fnnii  periosteum  contAimnff 
hone-trahecnl».  h;  i,  r'art.ilapc  formed  frc»m  the  marrow-tissHe  with  new-formea 
hone-traheculie.  k:  ?,  Old  bonc-trabeoulfiB:  m.  Remains  nf  medullary  tiKSue. 
(Mafrnified  with  a  liand  mrt^nf\'ing-jflRHs.  Preparation  decalcified  with  piorio 
acid  and  douhle-Btained  willi  lu»matexyhn  iind  cm-iiiinc.) 


traverst»d  in  places  iu  its  central  ]K>rtions  with  iiew-t'oiiued  bone-tmbeoul© 
{/).  In  the  jilaou  of  the  fut-ocmtAiuing  l»ono-niai*row  (b)  is  fuund  a  vaa- 
cuLu*  cartilagfe  wliich  also  coutuiiis  inimeroiis  little  trabecular  of  bone  {k). 
If  an  active  jrrowlh  of  san^onm-tissne  taki's  place  in  an  osteMM-botnlronia, 
as  may  happen  in  its  tiuter  layern,  theje  will  be  developed  an  osfeochon- 
drosarromn. 

2.  Tumors  whoae  Structure  Compritn'S  EpHhclium  ati  teeU  as  CoHnecHve  Tin- 
sue  and  JiftHHi-rejfseh. — Kftithfiial  I'ttntors. 

tit)  Prehnnnary  h'emnrlfi. 

§  128.  In  the  ease  of  l\w.  iimiors  di'srribrd  in  the  la»t  chaptere,  we  ha<l 
to  do  with  tltose  new  •,'i'owths  which  arise  from  some  tissne  of  the  eon- 
nertive-tissue  ^roiip — a  tissue,  therefore,  whic'li  oune  from  the  middle 
gerni-hiyer.  In  the  development  of  the  tnmors  wliieh  are  to  be  descnbed 
iu  the  folhiwinjr  parajfitiphs  the  epithelia — that  is,  the  derivatives  of  the 
iippi-r  and  lower  iirerm-layers — are  also  diivetly  involved.  In  fact,  it  is 
thi_-  very  tissin-  which  is  f<ii-med  from  tJiese  lHy<'rs  which  gpvt-s  to  tiie.se 
tutut)i*s  tlieir  spr''lal  rhurnettT.  They  are  theref^nv  properly  ini:lu<led 
unikT  the  gym-ral  Iitoi  of  epithelial  new  growths. 

All  the  tiiUKM-s  ln"loii[.;iujr  to  Ihis  mtcpiry  consist  in  part  of  epithelial 
cells,  in  part  of  vfuscular  e<uiueetive  tissue.  The  latter  forms  the  stroma 
— the  framework  wbJeh  ^Wva. sln'It4-i'and  snijjjoil  to  thoepitbelial  elements. 
The  pattern  upon  whieh  these  tumors  are  ciuistmeted  is  to  be  found  iu 
the  various  jjiauduUir  nrjjaus,  wiiose  diffeivnt  stajfes  of  development  are 
in  many  parti<*ul«i's  niimirkid  liy  the  tunnn's.  To  a  large  extent,  thei-e- 
fore,  they  rescuiltlr  tin-  vurioTis  ylaiidnlar  orpins  of  the  IhhIv;  but  thi* 
de^i^ree  of  this  resrmblanee  varies  fJTi'eatly  in  dilTerent  tuinfvrs,  and  on  this 
priiuiul  we  may  make  a  divisitm  into  two  grt-at  classt-s. 

The  first  of  these  rhwses  eoni]irises  the  adenomata— that  is,  tumors 
whieh  imitate  with  a  eei'tniii  de^rree  of  perfeetion  any  one  of  the  uonnal 
gland  types.  The  tnmors  of  the  second  elass — the  carcinomata — 4I0  not 
onliuarily  i-eaeh  any  sueh  ]>erfeeti<in  of  itnitutiou,  or  at  leajtt  not  thi*ough- 
out  the  whole  new  j^)wth.  Usually  only  the  first  stajye  of  fjland-forma- 
tion  is  followed — the  mutual  in(?rowiufr  of  epithrlium  itml  tMmncetive  tis- 
sue— and  this  process  Is  i^peated  over  and  ovt-r  a^min.  Iii  this  way — 
lluit  is.  liy  the  iimltiplicatson  of  epithelial  et-IIs — cidl-nests  and  plujifs  and 
eonls  of  cells  are  formed,  and  these  are  i-ontinunlly  being  slieathed  about 
by  tile  growing  cttnneetive  ti.ssue.  The  result  of  the  proo^jss  is  a  neoulasin 
whose  connective-tissue  sti-oma  inehises  multiform  spaces  filled  with  epi- 
thelial cells.  These  epithelial  cells,  however^  do  not  aiTange  themselves 
in  a  layer  along  the  wall  of  the  space,  as  in  an  ach'uoma,  nor  do  they  leave 
any  free  space — a  lumen — Itetweeu  themselves;  but  they  are  pm^ked  to- 
gether as  solid,  irregularly  arranged  cell-masses. 

The  epithelial  cystomata  must  be  mentioned  as  an  especial  variety 
of  the  e[utla'lial  tumors.  They  are  chantcterized  by  the  fonuation  of 
large  spaces  whieh  are  lined  with  epithehum  au<i  filled  with  fluid. 

Oan*inomatn  are  malignant  hinioi's  which  grow  int(t  the  neighlMtring 
tissues,  Hoouer  or  later  )n'netrnling  into  the  lymph-  iuul  blood-vessels,  and 
forming  metastases.  It  nmst  be  remarked,  however,  that  the  malignancy 
varies  according  to  the  location  of  the  caT-eiimmata.  They  usually  ap- 
jM'ar  singly,  but  sometimes  two  caivinonuita  of  tlie  same  variety,  or  two 
of  different  varieties,  develop  at  tlie  same  time  iu  the  same  indiWduaL 
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Adeuomntft  aud  cystoraata  are  usiially  beiiifn*  tumoi^^  but  there  are 
fxtiuiples  of  uileiiotiiu,  us  well  as  of  <'y.stoiiin.  whii-li,  not  only  in  structure; 
but  also  iu  nu-thod  of  grrowth,  a|iproHt'li  vt.'i'j'  eltist'ly  to  the  carcuiomata. 
Tlify  aif  (loiil)tlcss  transition  f*)nns  between  axlenoniata  or  eystouinta  itn 
the  one  liaud,  and  carcinoTuata  ou  the  other;  aud  eousequeutly  a  sharp 
bouudarydiue  between  adenoma  uud  ej'stouia  on  the  one  liHnd.  and  ear- 
(•in<miJi  (tn  the  other,  <'nnnol  lie  drauTi.  Moivover.  an  adenoma  or  a  eys- 
tonm  orijtrinally  tieniirn  may  in  its  jn*owth  assiune  tfie  eharaeteristies  of  a 
carcinoma.  The  dt^vdnjinient  of  this  rhnniett'r  of  nmlijfnaney  aniiounees 
itself  ohieftj'  by  the  fart  that  the  tninor  lircaks  into  the  sun'oundinfj  tis- 
sues. At  the  same  tinie  then*  is  {jft^n  ntttieed  a  moi^  active  aud  likewise 
a  njore  atypieal  growth  of  epithelial  cells. 

The  defliiititm  of  th«  t^rms  adeaoma  and  carcinoma,  jiistgriven,  is  founded  on 
tlie  anRt<iijjy  and  histn^fiifsis  of  thetie  tumors;  and  I  tnaintain  that  thit#  is  the 
only  rational  definition  wliieh  the  anatomist  can  acwpl.  Jnasmut-li,  also,  as 
tumors  w!iieh  arise  solely  from  celb  belonging'  to  the  midflle  germ-layer  may 
correspond  exactly  tu  other  tnmors  in  whose  formation  epillielial  cells  certaijily 
take  a  part,  and  oven  eonstitute  the  characteristic  part  of  the  arrowth,  any  deft- 
uition  which  rcbts  solely  on  an  anatoioieal  basis  maat  ni^'cssanl v  be  uusatisfae- 
it»r>*.  The  definition  of  cArciuoma  a«  a  tumor  uf  HlvtK>l«r  type,  in  wliicli  a  con- 
nective-tissue stroma  contains  cells  in  the  form  of  nests,  makes  it  impossible  to 
draw  any  line  of  distinction  between  alveolar  sarcomata  and  c-arcinomata.  This 
purely  anatomical  deflnitiou  of  cai*cinoma  has  brou^^ht  us  to  the  point  where  the 
ipiention  is  widely  diiH^ussed  whether  a  cfircinoma  arises  only  from,  epithelial 
structures,  or  whether  it  may  not  come  also  fr*>m  connective  tissue.  Such  a 
discussion  becomes  at  once  fniitlees  if  the  histogenesis  of  these  tumors  is 
accepted  as  a  basis  of  classification.  As  a  result  of  such  a  method  of  ctaesifiea- 
tion»  only  those  tumoi*s  ment  the  name  of  carcinoma  in  which  epithelial  eelli* 
take  an  active  part  iu  tlie  growth  in  the  manner  descriheii  above,  while  the 
cumnt'ctive-tissue  tniiMii-s,  which  are  atiatumic-idiy  siinilar  but  genetically  very 
diiferent,  are  called  nirrnhii'  mircfnnnta. 


(&)  The  Adevtomata  and  their  Jielatiotis  to  Glanduhif  Uypcrtrophits  and 

Carcittamata. 

$  129.  The  well-defined  adenomata  are  benign  tumors  which  spring- 
from  glands,  and  u.sually  pn-seiit  tin-  ii,s]n'ct.  of  imdular  tumors  sharply 
se]>nriile(l  from  the  snrnMitidiiig  tissues.  They  may  develop  iu  tlie  largo 
glands — us,  for  example,  the  liver,  kidneys,  and  breast — tir  in  the  snntlL 
glands— ^lik<'  tlir  sweat-glands,  for  exani])h".  On  the  whole,  they  nre  by 
no  means  eomnion,  eertninly  not  if  the  H4leno('rtrf'inomat4i  (^liltJ)  and  the 
adenoeystoniata  (§§13G  and  137)  a»*e  nepamted  fnun  them  and  clawsifled 
liy  themselves. 

The  new  growth  consists  of  a  tissue  which  iu  its  stniettire  closely  re- 
sembles a  norrjinl  gland  {Figs.  239  and  -40).  but  yet  differs  from  it  in  the 
roHowing  respects:  it  does  not  repmdjiee  tdt  the  anatoutieal  character- 
istics of  the  fully  developed  glaad,  nor  does  it  possess  the  power  to  per- 
form tlie  functions  at  the  glaud  wliieh  it  imitates. 

Adenomata  may  be  divided  int^  two  gr<mps  aeeordiiig  to  their  lii.sto. 
logieal  eoustruetion-^tliat  is,  aeeorditig  to  whether  they  are  patterned 
upon  the  type  of  a  tubular  gland  or  upon  that  of  a  raeemose  or  alveidar 
gland,  rpon  this  basis  we  may  recftgnize  an  alveolar  adenoma  (Fig. 
239)  and  a  tubular  adenoma  (Fig.  240).  Kitlu-r  of  these  forms  may  de- 
velop into  nil  adenoma  papilliferum  l>y  a  more  active  growth  of  theeju- 
thelium  and  by  the  formati^ui  of  eounet^tive-tissue  papilhe  which  rise  up 


Fi(j.  24n.-™Tul»ulHr  adouomn  of  the  broast.  n.  Branchlnf;  and  dilated 
jrlaiidukr  ducts,  nit  long-itiulinaUy :  b.  The  snmts  cut  ti-ansverselv;  c,  Stroma, 
(i^reparjition  hardeiH'd  in  ak'nliul,  stuined  witli  aliuu  canuiue,  aud  mounted  in 
t'anada  balsam.     Magnified  30  diamelens.] 

from  lie  inner  surface  of  tlie  walls  of  the  tubes  and  alveoli  of  the  glniid 

{Fip.  241,  r). 

The  di^vi'lopincnt  of  an  adfuoina  lifn;ins  with  the  prolitVration  of  the 
epithelinrn  of  the  gland,  and  is  speedily  followed  by  the  forniation  of 
ghinrhiliu'  sprouts.     The  surrounding  connective  tissue,  under  these  eir- 
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cuuistauces,  is  penetrated  hy  these  new-formed  glands,  and  may  it«elf  also 
take  on  a  luoro  or  lestj  decided  proliferative  activity,  which  results  in  the 
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Fu*.  241.— Adi'nDnm  tiibnlart^  papilliferum  of  the  kidney,  n.  ('onnective- 
ti^Ftiie  Ktroriin;  h.  Vilaiidulur  tubules  with  diverticula;  c,  Tubulef*  with  markwllv 
developed  papillBry  exfreseences.  (Prepas-^iti^ui  Imrdnned  iti  Miiller's  fluid, 
Btainea  v.'iih  nteinatoxyliii,  and  niouuled  in  Cauada  bnlsttm.  Magnified  30 
diametera.) 

formation  of  new  tJHKiie.  In  fully  formed  julenomata  the  conneetive-tis- 
Bno  stroma  may  be  either  well  developed  (Fig.  231),  c,  and  Fig.  240,  e)  or 
only  poorly  dt'\*eK»in-d  {F^g:.  241). 

Adeuonuitanreur  in  flu.*  l>reast  in  the  fnnn  of  uodidar  tumors,  which 
vary  iu  size  from  tiiut  of  a  litusel-nut  to  that  of  a  niau'r<  tist;  sometimes 
tJiey  are  even  larger.    On  section  th^-y  appear  to  be  made  up  of  lobules  j 
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Fm.  342.— Section  of  h  beni^  poly?)  of  the  larcfe  iutestine,  with  deTeIo|H 
meat  of  new  plan d- tissue,  n,  Cru-is- section  of  friiinaiilar  tubule:  ft.  Branchings 
glands,  cut  lontritutiiiially  :  c,  Stroma  rich  in  eells.  (Prepaniti<»n  hanlnned  in 
alcohol,  stained  with  alum  carmine,  and  mounted  in  Cana^ln  balsam.  Magnified 
80  diameters.) 
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the  texture  is  rather  flnu  and  toujrh ;  and  here  and  there  dihited  lujniiia 
of  the  glands  amy  1m'  set*u.  Adfutntiata  at  tlie  kidney,  liver,  and  testirle 
present  a  Ifss-drvflojuid  stnimu  and  uiv  therefore  softer.  Adenomata 
with  papiDary  growths  are  especially  soft. 


FlO.    243.— Hyperplasia 

of  the  mucous  membrane  of 
the  uteruK.  a,ai,  St'Ctionsof 
glauds;  6,  Ctmueclive  tissue 
uf  the  rnucouM  niembratie; 
c.  Bloiwl-veBsels.  SocHon 
tnrouffh  a  hit  of  tissue  ob- 
tained by  ciiretlinff  the  ute- 
rus. (Specimen  fiimlf  ned  in 
aU'ohn],  stftitifd  with  Bis- 
mnrek  brown,  ami  mounted 
in  Canada  balsam.  Magni- 
fied 150  diameters.) 
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Ttir  adomnniitji  form  a  pvmp  of  ttnnors  whicl»  <-anni>t  he  shaqily  dif- 
ferentiated fvonj  simpli'  hyiM'rpL'i.stif.  ijlaiidular  trrowths,  iiur  fnmx  other 
tuuiors  of  a  similar  (diarartt-r.  Iiideii^l.  thtTe  apjK-ar^  in  tlu*  nun'ous  niein- 
braue  of  the  intestine  and  uterns,  now  giMWtlis  wliich,  from  the  ghtnds 
ctmttiimd  in  th'in  (Figs.  242  and  2431,  t't'scmlih  tulfttomata^  ami  tthirh  arc 
rfrk<fiiHi  htj  iiKntf/  irrifcrs,  on  account  of  thf  Ihuti^fi  area  ofthfir  ffroirth.  omontj 
the  tuienohuita.  Neverthidess  tliey  ought  leather  to  he  ealh-d  j^landular 
hypertrophies.  In  the  intestine  they  CHx^ur  a.s  the  result  of  olironie  intiain- 
nmtiitn  ami  nisei's,  but  ai*e  alsu  wnnetimes  ftiund  in  a  nuieons  membrane 
wiiirh  shows  no  trmies  whate\-t*r  uf  prr\'ioiis  iiiHamintition  or  tdeeration. 
If  these  growths  develop  in  eonsniuonee  of  a  dt'slrurtive  proeess  in  the 
mn(;ouH  nn^mbrane,  we  must  liM>k  upon  them  as  a  manifestation  of  rcpro- 
ductirf  iidinfi/.  whieh  does  not  lead,  liowever,  to  the  i'<'Ntonition  of  nonnfd 
nineous  ntcmljranej  hut  rather  to  the  fiirniatit)n  iff  tinnor-like,  often  poly- 
poid, masst's  of  tissue.  The  glands  liflungiuir  to  tbese  masst*s  <d*  tissue 
are  formed,  it  is  tnie,  according  to  the  jjattcrn  of  n(»nnid  tnhuhir  intes- 
tinal glands,  with  ttdlevIiiiili'i(']dc|iitIicliMl cells  ;  but  lliey  arcid'trii  sliii}icd 
in  an  ubiiornud  l'ashi<in  (Fig.  242.  h).  and  in  ]mrlicMlar  ahiioniially 
branched,  8o  tliat  we  nuiy  sj^-ak  of  thcni  as  ivpretaenting.  in  a  ecrtaiii 
ft'nse,  ttiijpmil  glonduhtr  vmc  fut'tmitioitR.  Sometimes  in  tlicsi-  tumors  a 
certHin  nnniherofgUndH  also  undergo  dilatation.  mnX pttfiilhrrff  ejrctrjtrftirfs 
(Pig.  244.  (')  develop  from  the  walls  ttf  these  diluted  portions;  both  of 

which  phtMiotncnn  Iw-hmg  ti>  the  altcra- 
c  tions  which  are  also  obserA'e<i  in  aileno- 

matjt. 

Fig.  244.— Section  of  a  glandular  polj-p 
of  the  *«tomHch,with  papillary  excrescences 
in  etftme  of  thv  dilated  glandft.  a,  Qland- 
tuhxiles  with  cylindrical  epithelium ;  h, 
S^roma  intUti*nted  with  cells ;  c.  Papilloma- 
tous (growths  iu.sidc  of  a  gland  wuioh  has 
undergone  cystic  degeneration.  (Hffmn- 
loxylin  preparation.  Magnified  300  diA' 
meters.) 
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If  the  signs  of  jirenous  uleeration  arc  waiitiiig  in  the  intestine  wlxich 
is  tilt'  Rt'at  of  j^'landul.'ir  iwtl\*]>.s  wt-  must  irj^nirtl  tlicso  pn>wth.s  as  /it//)****- 
trophir  prothirfiims,  wIiojjp  rniisf  is  usiiany  imst  liinlinj;  out.  In  tlie  utf riis 
siK'h  (flnnduhir  growths  tXM-ur  for  tin-  iiiifsi  part  in  latvr  litV,  and  usually 
present  the  eharaeteristies  of  hjiiertroithif  new  t'ni'nuitii>ns  of  tissue, 
eitlii-r  folh>win^  ujhui  iuriainnuiturv  ]iriire'sses  r»r  oeciirriii^^  imlependeiitlv 
of  iheiu.  At  tiie  same  time  attention  should  he  called  to  the  faet  that 
so  long  as  menstruation  eoutinues,  thnre  necnrs,  at  the  time  of  the  men- 
fltnial  iiow,  a  itartinl  destruetion  of  tlie  nmoous  memhraue,  followed  hy 
iuereasi'd  gi'owth  of  the  epitheliiiin  ami  ettniieetive  tissue;  so  that  the 
"beginning  of  the  growtli,  umh*r  these  eii-eumstniieeH,  in  sometimes  to  1»« 
eonsidered  as  a  i***ii(irative  process.  Tin*  glands  devehtping  under  these 
einMinistnnees  (Fig.  243)  are  sometimes  iinnnally  fonned.nnd  sometimes 
alitionnally  liranciH'd,  or  ]>ronded  witli  papillarv  ''xcresrmefs. 

Tumor-like  gi*owths  resembling  adenoitiafa  rarely  develop  inside  of 
glands;  hut  in  the  eourse  of  ehn^nie  intlanimati<«us  ott/picnl  new  yrotrths 
of  glaml-iisHUf  often  oecuv  (ef.  Fig.  187),  amX  the  only  reason  why  they 
are  not,  as  a  rule,  mnfouiuled  witli  adrnotuata  is  heeause  they  evidently 
belong  auioug  tlieregidur  itlieuomeua  f)f  an  independent  and  distinet  dis- 
ease. But  there  are  glandular  formations  in  glnn<ls  \vhi(di  are  with  diffl- 
eulty  distinguislji'd  fntni  tlif  adenomata.  In  tlie  proslatr,  for  examph*. 
in  old  age.  there  is  an  inei-ea'^  in  size,  aeeompaiiii'd  I'y  an  aetual  inereaw* 
in  the  amount  ot  glanduUir  tissue;  and  nudt-r  the.se  eireumstanees  one 
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Fio.  246. — Sc-etion  throusrh  the  growii...  _iii  of  n  tuViular  adein^ma  dea- 

tmenfi  or  eArcinoma  adenomatotimn  of  the  Nionunh  (somewhat  schematic),  a, 
Muc4Nw;  6,  Submueosa;  c.  .Muscularis;  d.  S4?n)sa ;  e.  New  growth  prtM'et'din^ 
from  the  U)iico<i»  and  in Hh ratine  the  other  laver*.    A  ronnd-rpU  intUtration  np- 

f)enrs  iu  parts  iu  rnnjunrtioii  with  the  devefnpnienl  of  tuhiileH.  (Preparation 
lardennd  in  aleoliol.  stwint'd  with  hfpmatoxylin.and  mnuntwl  in  Canada  halHiiia. 
Magnified  lo  diametei*s.) 
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may  futcrtaiii  utmsiderublo  doubt  as  to  whether  the  contlitiou  shoulil  he 
terituHl  a  |L,^lHntlultii'  h\']»L'i'|flasia  or  an  adenoma. 

Thi-  Hiitiie  tlitlu'iiltv  fxists  in  ivpii-d  to  rho  distm^ishiu^  oharai'U-i's 
of  L'Hi-ciuinuata  aud  adenomata,  and  it- often  iK'comes  a  niHttt'i'  of  jndivid- 
tnxl  jiul^mieut  whether  a  ferlnin  tumor  shall  he  classed  as  bclonjrinjf  to 
the  former  or  t*^  tlm  latter  of  these  two  varieties  of  tnniorji.  In  the  first 
pla<*ey  we  8onie(inies  ohsene  in  the  intestinal  traet  adenomata  whieh,  ac- 
cording t^J  their  stnieture,  must  ha  ealled  tubular  adenomata  (Fig.  24.1), 
Imt  whieh,  at  the  same  tinii',  in  eontradistinetion  to  the  adenomata  ahvady 
dfserihed,  present  a  most  nnirked  detrree  of  maliffnaneyand  break  into  the 
snrronndintir  tissui-s  in  the  same  way  ns  a  eiu'eiuoma  generally  (h>es.  grnw- 
inji;  from  the  mucosa  into  the  snhmnensa.  and  so  on  into  the  mnseulans  of 
the  intestine  or  thestoinaeb,a«theea8emay  be  (Fii|^.  245,0  ;  in  a  word,  the 
new  trrowth  often  penetnites  the  entire  tliicknesa  of  the  intestinal  wall  or 
thesitiinai'li-wall  at  a  lime  when  the  j>orti(m  of  the  tumor  wJiieh  pnijeets 
into. the  intestine  t>r  into  the  stomaeh  is  wtill  (jiiite  stindl.  If,  in  Judjiiii^ 
of  sudi  a  tumor,  we  attaeh  the  cliief  imijortanei'  to  its  liistohtgieal  ntrue- 
ture,  we  may  a[>jiropriute]y  j^ive  it  the  name  of  adenoma  destruens  or 
carcinomatosum  or  malignum  ;  but  if  its  bi-havior  towani  the  surroimd- 
injr  tissues  or  its  elinieal  eourse  br  eJiictiy  eonsidered.  we  shall  pri>bal>ly 
prt'f^'r  to  eidl  the  tumor  a  carcinoma  adenomatosum.  It  shoulil  In- fur- 
ther mentioned  tliat  tumors  wluch  in  structure  begin  like  adenomata 
may  later,  both  in  the  matter  of  strneture  and  as  i-egards  their  rehitiou 
to  snrn>uudan^  tissues,  be  precisely  like  the  ejiueers,  and  so  <MKistitute  a 
speeial  variety  of  ('areinftnui  (of.  §  1«S0),  for  wldeh  iJie  term  adencx:arci- 
noma  might  with  fitness  (in  \*iew  of  the  ori;rin  f»f  tJie  growth)  be  adopted. 

Fimdly,  it  sbtmhl  Ik-  stated  tliat  adi'ii«tma1a  iivn  rlosely  relatetl  to  the 
gruiip  of  rpitliebiil  cystomata  fef.  §§  I'Si't  ami  l.'lThuid  often  form  tlie  lirst 
stiLvTtr  in  the  devebtpmeiit  of  the  latter.  (.'onse([uently  there  aiv  tumoi-s 
whieh,  from  their  orij^n,  ment  the  name  of  adenocystoma. 


(c)  Cnrcinomrf, 

§  130.  Careinomata  develop  either  from  a  mut!OTismembrflnr  nr  from 
tht^  skin  or  from  a  ghind,  the  gi'owth  beginning  in  epillielial  tuulti]ibi'a- 
tion,  in  whieh  tlie  eells  usually  divi<le  I>y  mitosi.s.  lu  niau^'  eases  the 
epithelial  struelures  fii'st  formed  possess  thf  ehara*'teris(ics  of  a  gland. 
This  is  true  of  a  great  pail  of  tlie  earrinoinata  of  the  intestinal  tract  (ef. 
^  12!}),  and  also  of  thr  rarer  ea-^t^**  of  nn'rinonia  of  the  body  of  the  uterus. 
Tlie  .struetures  tii-st  formed  are  glan(hilar  tubules,  more  or  less  aU-pieal  in 
form,  and  lined  with  simple  eyhndneal  epithelium  (Fig.  24o,  r).  Tliese 
tubules  ])ush  their  way  in  an  outward  diree.tiori  from  their  point  of  ori- 
gin— that  is,  from  tlie  mueous  membrane— into  the  surrcmnding  tissues. 
In  rare  eases  this  form  of  growth  may  be  tborouglily  maintained  for  a 
long  time.  More  often,  however,  a  iTutre  aelive  pmliffration  id"  the  epi- 
thelium takes  plaee.  ri'sultinir  in  the  i'ltrmation,  at  one  time,  vt  many  lay- 
ers of  e]Htlielium  in  the  ohiuduljn'  tubules  (Fig.  24(i,  n,  h),  til  unolhi'r  of 
solid  nnifises  and  columns  of  cells  (Fig.  247,  ft).  The  umtle  of  develop- 
ntfut  <if  the  tumor  is  therefore  vety  mm^h  like  that  of  an  adenoma,  from 
whieh  it  is  distinguished,  however,  by  the  inerea.*4ed  proliferative  activity 
of  the  epithelial  cells  and  by  the  more  markedly  atypical  manner  iu  which 
this  activity  shows  itself — characteristics  whi<'h  justifv  the  use,  as  applied 
to  this  tumor,  of  the  term  adenocarcinoma.  In  the  intestinal  tract  it  is 
21 


FiQ.  347. — Adenncarcinomn  fundi  uteri.    «,  .Sirufuaj  b,  Carciiifimatoiu  pro* 
oe»ae8;  c,  iSiiigle  c^noer-oeUs.     (Majruilii'd  130  diameters.) 
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witJi  Stratified  cpitlieliuni  hi'o  nsnally  charactt'rizetl,  in  their  development, 
by  tho  forTiinti<ni  of  (Mimjtju't  nest-s  and  t-itlniiitis  of  liclls  (Fig.  24M,/,  </), 
wliieli  hprinj;  troiii  \Uv  siiju^Hioial  opitlu'liiini  (*(),  fn*  from  the  se}>aeeous 
ffkuds  fir  tlie  hiur-follii'les,  luid  iH'uetrate  uext  iut<j  the  t'leflr*  or  sjmees 
of  tlie  neigh) roriiig  eonncetive  linHue. 
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Fig,  248.— 8«ction  through  a  cancer  of  the  skin  in  an  early  stajrt^  of  develop- 
ment,  a,  Epidermis;  ft.  Conura:  c.  Subcutaneous  connective  tissue;  rf,  St-ba- 
oeous  gland;  f,  Hnir-f<"lUele;/,  Cancerous  plug^  eonnet'ted  with  the  epidermis; 
^,  Cancerous  plu^^  \ymf:  deeper  in  the  tissuirs;  /i,  ProHferarijip  connective  tisciiie; 
i  (above  and  on  the  ripht  Mide),  Epithelial  penrl ;  i  (hulow),  rross-suctiou  of  a 
sweat-gland.  (Preparation  slaineil  with  Bisriian-k  brown.  Magnitied  20 
diameters.) 


lu  these  iustAnees,  accordingly,  the  carcinoinBtous  new  foriuntiou 
appears  frojii  the  nutj^et  in  a  pure  type;  tlmt  is,  tiie  jirolifej-atioii  of  epi- 
thelial cells  shows  eliarnetensties  wlm-h  nrv  in  p-neral  rceogtiiKetl  as  bo- 
loiitriritr  N)  the  <'arein*tniatM  and  hk  bein^^  lypiral  of  tliem.  The  skin, 
however,  is  jiomi'times  the  sfiit  of  eaneers  whosr  columns  of  cells  possess 
ft  centnil  Imueu.  Such  a  tumnr,  on  seetion.  prcsfuts  the  jdetnre  of  choi- 
galt'd  and  often  amiHtomoninf;  ^land-tubes.  Kut  eaneiM-s  like  tbiK  are 
rathiT  rare, 

Cancers  whi<di  spriufr  fmm  the  p-lands.  breast,  liver,  kidney,  piuicrca-s, 
malivary  glands,  ovary,  testi<de,  etc.,  usiuilly  display,  oven  in  the  early  sta^re 
of  their  prowtii,  solid  masses  of  e|>ithelium,  which,  arising  fmm  partjs  of 
the  plaudular  tissue,  penetrate  into  the  eonneetive  tissue  of  the  ^^einity. 
In  all  tlicse  orti^uis,  however,  other  eainvrs  develop  which  more  closely  re- 
8*Muble  the  a4h*n<)eareinoniata  in  their  formation  of  stnietures  like  trlaiid- 
tubules  and  alve<tli — i.e.,  strn<*tun's  like  those  which  have  already  Ix-eii 
descnbed  when  we  spoke  <»f  intestinal  earcinoniaUi. 

The  epithelial  {jTowth  proceeds  usntdly  by  mitotic  ceU-division,  and 
in  all  cell  ne^tsof  p-owin|Lr  earcinonvata — provided  ivtroprefisive  chaupes 
have  uot  set  in — a  greater  or  less  mmiber  of  karyokinetic  figures  may  be 
f<umd. 
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The  oonucotive  tissue,  in  the  I>e(riiiniiipnf  the  farcimmuitous  tli'vdop- 
nient,  stimetiines  shuws  uo  apprtH'iiihlo  ehaiigi'.  Dftcner.  however,  it 
shows  indiciitious  of  gi*i»wt)i,  ami  u.snnlly  theiv  iire  also  iiiH]tratiotif>  uf 
leueoej'tt's  [Vig.  240.  A),  which  nuix,  in  t'ertaiii  j(|M>ts,  lie  in  lartre  luatifes in 
the  tissue.  Veiy  often  these  leii«*iK'yle.s  iH'Uetrate  inti»  the  coliiinus  of  **pi- 
thelial  eellj*.  Here  they  eense  to  live,  Itoiug  «le.«troye(l  hy  the  ejiithelial 
cells,  which  (hiuhtless  u(iliz«'  them  IVn*  their  <twn  lUjurislinK'nt. 

If  H.  eaiiefrTous  ij^rowth  htm  l»i'^in  to  ilevrloii.  it  spriMuis  with  gr**ftter 
or  less  rapidity  into  the  nei|;iiIjorh(Mid.  This  spread  of  the  pr'^wth  in 
espeeiiilly  rapid  in  the  case  of  eaueers  of  a  umeoiis  nieiuhrnue,  wlu-re  the 
hroakiug  thntn^li  into  ihe  snliunieosa  is  followed  hy  a  rapid  diffuti^ioa  of 
the  eaueerous  new  growth  in  tlte  interstitial  sjinees  of  this  layer.  ITenpf. 
in  eaneerfi  of  tlie  intestine,  not  only  the  snhiniieosH,  hut  the  musenJariHaiitl 
serosa  as  M'ell  (Fi^.  24;"),  e),  are  soon  studded  with  tlie  eelKnestet  (if  the 
tuuio!'.  and  at  ouee  hejjin  to  pi-olifeiiite  aetively.  This  difPtisiou  of  tlic 
growth  tidces  ])la<—  ehietly  nlon^r  tlie  etiurce  (if  the  lyuiphatie  chnnnels, 
hut  a  lireak  into  hltuHl-vessclM — more  esiweirtlly  veins — is  by  no  means  a 
nire  <K*curivuee.  In  a  similar  mMnn<*r  eaueei*  of  a  ^rlaud  extends  its  df- 
vihipmont  into  tho  nei^ddiorin^  tissues  aUer  its  piniwth  has  priKvedwl 
heyond  the  partieuhir  re;^iou  uf  its  origan;  Hud  it  nuiy  Hpr*Niil  far  hv- 
yond  the  site  of  ilie  lirst  eentre  of  growth.  So.  for  example,  in  the  gn)wt]i 
of  a  earcinonia  fif  the  breast  (Fi^.  249),  the  eonntn'tive  tissue  feurrrmnd- 
iug  tlie  gland  becomes  studded  with  round  or  spimlle-HhaptHl  or  eord-lik'^ 
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FiQ.  340,— Section  throuph  a  seffmont  of  a  eareiuouia  of  the  breast  (drawn 
wilh  the  aid  of  a  bnsir  lens).  «,  nipple:  K  Tissue  of  the  mRmniar>'  pland ;  e, 
^kip :  rf,  Uutlet-duets  of  the  ^laud ;  <?,  '^art^iuomatous  iiiassf?*  twcupjiiijr  the 
position  of  g-landulRr  tis*(iie  ;  /.Lobules  «>f  fat  alrt-ady  iuHlirati'd  with  pAiieer;  y. 
Portion  of  skin  also  infiltrated  with  cancer;  A.  Can-idomiitoiis  ct^ll-nesta  in  the 
nipple;  I,  Normal  lobules  of  the  jrland;  A',  Infiltration  of  small  eelhs  in  the  con- 
nective tissue. 
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foci  of  cancer-cells  («,  /,  g,  h) ;  and  the  cancerous  growth  penetrates  into 
the  surrounding  fat-tissue  (/),  into  the  skin  (*/),  and  often  also  into  the 
papiUce  of  the  nipple  (h).  The  channels  along  whicli  the  cancerous  growth 
spreads  are  the  lymph  spaces  and  vessels,  and  only  a  very  short  time  is 
required  before  secondary  nodules,  quite  separate  from  the  original  focus 
of  the  disease,  make  their  appeamnce  in  the  course  of  the  efferent  lym})h- 
vessels. 

The  newly  produced  epithelial  cells  of  the  individual  cell-nests,  usually 
referred  to  in  fully  developed  carcinoma  as  cancer-cells,  show  in  general 
in  their  characteristics  their  origin  from  epithelium.  They  are  relatively 
large  and  have  large  bladder^like  nuclei.  Very  often,  too,  it  is  possible 
to  recognize  the  character  of  the  epithelium  from  which  the  cancer  has 
sprung.  Thus  we  may  find,  in  cancer  of  the  intestine,  cylindrical  epithelial 
cells,  and  in  cancer  of  the  skin  characteristic  cells  of  stratified  epithelium. 
In  many  parts  of  the  tumor,  however, 
the  characteristic  cell-form  is  lost. 
When  the  cells  develop  in  the  iuter- 
stices  of  the  connective  tissue  in  the 
form  of  plugs  and  columns,  it  is  un- 
avoidable that  they  should  press  upon 
one  another,  and  that  their  shajjes 
should  undei^  considerable  altera- 
tions (Fig.  250).  As  a  consequence  of 
this  the  single  cells,  when  isolated,  pre- 
sent the  greatest  variety  in  their  forms. 
This  has  led  some  authorities  to  speak 
of  a  polymorphy  of  cancer-cells;  and 
it  is  literally  true  that  the  cancer-cells 
appear  in  a  very  great  variety  of 
shapes.  But  it  must  not  be  forgotten 
that  this  richness  in  the  forms  of  the 
cells  of  a  tumor  affords  no  certain  proof  of  its  careinomatous  nature ;  in 
fact,  irregularly  shaped  cells  are  even  more  likely  to  belong  to  a  sarcoma. 

In  glands  carcinoma  forms  nodular  tumors  sometimes  sharply  limited, 
sometimes  losing  themselves,  without  definite  boundaries,  in  the  surround- 
ing tissues  into  which  they  send  out  offshoots.  In  mucous  membranes 
these  new  growths  stand  out  pi'ominently  in  the  form  of  fungoid  or 
papillomatous  masses,  or  they  are  spread  out  more  flatly  along  the  siu*- 
face.  At  an  early  period  of  their  growth  they  penetrate  into  the  subinu- 
cosa,  and  may  extend  even  deeply  into  the  surrounding  tissues.  Cancers 
of  the  skin  biehave  in  a  similar  manner,  but  their  growth  is  usually  not 
so  rapid  as  that  of  cancers  of  mucous  membranes.  Degeneration  in  the 
new  growth  often  causes  ulcers. 

§  131.  Different  kinds  of  carcinomata  have  been  estal)lished  in  accor- 
dance with  their  varying  charac!teristics — such,  for  example,  as  the  differ- 
ences in  the  localities  where  they  may  begin  to  grow,  and  in  the  tissues 
from  which  their  first  developTnent  may  commence ;  differences  in  the 
form  and  composition  of  the  cells  and  in  their  mode  of  arrangement; 
differences  in  the  manner  in  which  the  epithelial  cells  infiltrate  the  con- 
nective tissue ;  and,  finally,  differences  in  the  amount  and  character  of 
the  connective -tissue  stroma.  Many  of  tliese  distinctions.  Iiowever,  have 
to-day  lost  much  of  their  significance.     So,  for  instance,  the  designation 


Fig.  250. —Epithelial  plug  from 
a  cancer  of  the  skin.  (Magrnifled 
250  diametars.) 
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of  certain  cancers  of  the  skin  and  mncous  membranes  as  epithelial  can- 
cers, or  epitheliomata,  possesses  only  this  value — namely,  that  in  this 
way  the  site  and  anatomical  characteristics  of  a  tumor  may  be  conveniently 
designated,  whereas  formerly  tlie  term  was  used  to  indicate  a  distinction 
between  epithelial  and  connective-tissue  cancers.  Other  terms,  such  as 
darcinotna  medtillarey  carcinoma  simplex,  carcinoma  scirrhomm,  by  which 
it  was  intended  to  characterize  tlie  structure  of  different  carcinomata, 
especially  those  springing  from  glaaids,  also  possess  ouiy  a  limited  value ; 
for  a  carcinoma  does  not  show  the  same  structure  in  all  its  parts  or  in 
all  its  phases  of  development. 

In  general  the  form  of  a  cancer  depends  on  the  nature  of  the  parent- 
tissue  from  which  it  springs ;  that  is  to  say,  in  its  growth  the  cancer  re- 
peats, with  little  change,  a  certain  group  of  formations  that  are  normally 
present  in  the  parent-tissue.  From  mere  a  priori  reasoning  it  would  seem 
most  natural  to  divide  the  carcinomata  into  two  great  groups — namely, 
those  which  start  from  the  epithelium  of  a  surface  and  those  which  de- 
velop from  tlie  epithelium  of  a  gland.  Theoretically  one  can  adopt  a 
classification  like  this,  but  in  practice  it  is  not  possible  to  follow  it  in  all 
cases  without  resorting  to  an  exact  histological  examination.  For  example, 
a  cancer  of  the  skin  springing  from  sebaceous  glands  sliows  in  general 
the  same  characteristics  as  one  which  springs  from  the  hair-follicles  or  the 
epidermis ;  and  in  the  alimentary  tract  it  is  scarcely  possible  to  make  a 
division  of  carcinomata  according  to  their  origin  from  the  surface  ejti- 
thehum  or  from  that  of  the  glands  of  Lieberkiihn.  Consequently,  in  the 
consideration  of  carcinomata  in  general,  it  is  best  simply  to  select  certain 
chief  types,  which  are  distinguished  by  well-marked  anatomical  differ- 
ences. 

1.  Plat-celled  epithelial  cancer  commonly  occurs  in  the  skin  as  skiu- 
cancer  or  skin-can^oid  (Fig.  248),  and  forms  a  warty  or  a  nodular  tunutr 
or  a  tiat  thickening  of  the  skin,  all  of  which  forms  are  characterized  by 
the  development  of  large  cancerous  cell-nests,  made  up  of  large,  jwly- 
moq>hous,  flat  epithelial  cells.  Degeneration  of  the  new  growth  forms 
cancerous  ulcers. 

Ui>on  scraping  the  cut  surface  of  the  tumor,  which  shows  plainly  its 
alve<»lar  structure,  a  knife  drawn  across  it  scrapes  up  a  gruel-like  fluitl 
containing  plugs  of  cells  and  single  epithelial  cells.  Within  the  plugs  the 
cells  are  often  arranged  concentrically,  like  the  layers  of  an  onion  (Fig. 
2.")0).  These  balls  of  cells  may  become  horny  and  form  epithelial  pearh. 
Such  tumors  are  usually  called  Jionnf  canrroifh.  The  cancer-cells  of 
skin-cancers  are  derivatives  of  the  cells  of  the  epidermis  as  well  as  of  the 
seba^lcous  glands  and  the  hair-follicles. 

Flat-celled  cancers  occur  also  in  those  mucous  membranes  which  are 
covered  with  similar  epithelium — e.g.,  in  the  mouth,  pliaiynx,  oesophagus, 
bladder,  vagina,  and  uterus. 

2.  Cylindrical  epithelial  cancer  occurs,  in  the  first  place,  in  the  mucous 
membranes,  and  most  often  in  that  of  the  intestine;  it  also  oc<'urs,  but 
more  rarely,  in  the  mucous  membrane  of  the  gall-dnct^s,  gall-bladder,  re- 
spiratorj'  passages,  and  uterus.  In  the  last  situation  it  arises  only  in  those 
portions  which  arc  covered  with  cylindrical  epithelium,  as  cancei-s  of  the 
vaginal  portion,  or  of  the  vagina,  are  for  the  most  part  flat-celled.  It 
forms  soft  nodular,  sometimes  pa])illary  tumors,  which  are  generally 
classed  among  the  eucephaloid  growths. 

Furthermore,  this  variety  of  cnn<'er  also  develops  in  glands  where  it 
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forais  likewise  nodiUar  tumors,  fi^om  whose  ewt  surface  an  abimdant 
milky  fliiid  can  bf  sr^rujMHi. 

Cyliu(lrieHl-<?elie<l  <*au<'ers  rr.s*'iriUI»*  aiUnnrairiMDniatAiii  their  chai'ac- 
tei'  (Figs.  246  autl  *247).  Fitnii  tlnir  ajiprjiram'e  uiij  fi*oni  their  mode  of 
origin  they  mijrlit  bf  t-alletl  medullary  adenocarcinomata. 

'h  Besides  tht^  adenoearciiioiiiata,  we  also  find.  Ixtth  in  mucous  mem- 
branes and  in  tfhindy,  irieduUary  eanerrs  wlmst*  feeltly  developed  strtmia 
contJiins  (nily  solid  eanccr-neHtti,  witliout  any  oentml  lumen.  To  sin*Ii 
tn'dwths  we  ap]ily  the  ti'rni  medullary  carcinoma. 

4.  Carcinoma  simplex  is  a  form  pvtii  to  a  form  nf  cancer  whifh  fi^ 
quently  prows  in  plands  and  ftirms  rather  hard  ni»tbdar  tnniors.  Tlie 
cut  surfapi'  apjifui-s  of  u  bright  p-uyish-white  color,  and  somewhat 
tranNlueeut.  Connective-tissue  stroma  and  cancer-cell  nests  arc,  at  least 
ill  some  portions,  by  reason  of  their  diffcit-nt  colors,  easily  distinguish- 
able. This  is  esper-ially  the  case  if  by  fatty  degeneration  the  c(»ll.nests 
have  iK'conie  white  or  yeno\s-ish  wlnte,  A  rather  abundant  milky  juice 
can  \)f  seniped  from  tlie  eiit  Hurfaee. 

The  tuinop  has  a  strong  fibrous  stroma  (Fig.  2">1,  it),  wliich  contains 
mesin*8  of  different  shHi>cs  and  siz<'s  tilled  witli  epithelial  cell-masses. 
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FlQ.  251.-  Section  of  a  *-,n. moma  simplex  of  the  breast,    fl,  Stroma;  h. 

Plugs  of  fauccr-t-'ells;  c,  Single  caiKHr-cellH;  tfy  Blood-vessel;  e.  Infiltration  of 

the  atn^nm  v^ith  snial)  celU.     (Preparation  staineil  with  hfPUlatoz^'lLn.    Magni- 
fies! 200diain*>t«rK.) 

Such  carcinomata  arc  cs]>ecially  conmion  in  the  breast,  but  are  less 
often  fouml  in  Ihe  puii'Teusanfi  ki<tney. 

5.  A  scirrhous  carcinoma,  or  scirrhus,  is  on*'  in  which  the  cancer-eell 
nes^t^  are  relatively  siriall  and  s(»ant^-.  and  sejiaratrd  fit  mi  one  another  by 
tough  fibroiw  stroma,  which  gives  a  liaixl  and  t^>ugli  consistenc©  to  these 
tiimons. 

Xo  strict  line  of  diWsion  can  be  drawn  between  scirrhus  and  cjim- 
noma  simplex.     On   the  e<mtran,  in  a  single  tumor  ime  i^urtiou  ofteai 
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presents  the  appearances  of  carcinoma  simplex,  and  another  portion  the 
appearances  of  scirrhus  (cf.  Fig.  249) — i.e.,  in  one  portion  of  the  tumor 
the  cancer-cell  nests  may  be  rather  abundant  and  large  and  the  stroma 
insignificant,  while  iu  another  portion  the  nests  ai'e  small  and  the  sti-oma 
well  developed.  The  hardness  which  is  characteristic  of  scirrhus  is  IvsT 
marked  in  those  portions  in  which  (as  in  Fig.  249,  ff,  h)  very  small  spindle- 
shaped  cancer-ceU  uests  are  scattered  throughout  the  connective  tissue. 
This  hai'duess  may  also  owe  its  existence  to  the  fact  that  fatty  degenera- 
tion and  absorption  of  the  eaucer-cells  have  left  nothing  behind  but  the 
tough  connective-tissue  stroma,  which  looks  very  much  like  scar-tissue. 
In  Qiis  manner  a  soft  cancer,  by  retrograde  changes  in  the  caneer-eells 
and  corresponding  proliferation  of  the  counective  tissue,  may  come  to 
possess  a  scirrhous  cliaracter.  This  hapi)ens  very  often  in  ulcerating  can- 
cers of  the  stomach  and  intestine. 

Hard  cancers,  rich  in  connective  tissue,  occur  chiefly  in  the  bi*east  and 
stomach,  less  often  in  the  testicles,  ovaries,  and  kidneys. 

6.  Gelatinous  carcinoma,  or  alveolar  or  colloid  cancer,  occurs  in  the 
form  of  nodules  or  as  a  diffuse  infiltration.  It  is  found  most  frequently 
in  the  intestinal  tract  or  iu  the  breast,  more  rarely  in  the  ovary,  etc.  Its 
tissue  is  noticeable  on  account  of  its  great  transparency ;  for  the  stroma, 
instead  of  inclosing  the  more  opaque  cancerous  cell-nests,  contains  trans- 
parent colloid  masses,  both  large  and  small.  This  transparence  is  often 
observable  on  the  surface  of  the  tumor — for  examj)le,  in  colloid  cancers 
of  mucous  membranes,  which  develop  in  the  form  of  fungoid  or  of  pajnl- 
lomatous  or  of  more  diffuse  growths,  as  the  case  may  be.  In  colloid  can- 
cers of  tlie  breast  the  transparent  nature  of  the  tumor  is  only  discovered 
after  it  is  cut  into.  Often  only  a  part  of  a  tumor  displays  this  character, 
while  the  rest  of  it  appears  grayish  white  or  grayish  red,  like  an  ordinary' 
carcinoma. 

Tlie  gelatinous  character  of  the  tujuor  is  due  to  a  mucoid  or  colloid 
degenenition  of  the  can(rcr-eell  nests  (Fig.  252) — a  change  which  begins 
by  the  formation  of  clear  drops  witliin  the  cancer-cells  (</).  In  the  cylin- 
drical-celled cancers  goblet-cells  are  commonly  fonned.  Later,  these  cells 
degenerate  and  are  destroyed,  and  the  drops  flow  together,  or  unite  with 
hirger  aggregations  of  the  matenal,  alreadj'  formed,  to  constitute  a  single 

homogeneous  mass.  In 
this  way  all  the  cancer- 
cells  throughout  large 
areas  may  l>e  destroyed, 
so  that  of  fornu'd  ele- 
ments  nothing  rcinains 

Fig.  252.— Gelatinous 
carcinoma  of  the  breast, 
n.  Stroma ;  h.  Plugs  of  can- 
cer-eells ;  c.  Alveoli  without 
cancer-cells;  d.  Cells  con- 
taining colloid  mas.^s. 
(Preparation  stained  with 
hfematox>*lin.  Magnified 
200  diameters.) 

but  the  stroma.  In  other  parts  nests  of  cells  .•^till  remain  within  the  colloid 
inass  {/*).aud  there  may  be  still  other  portions  which  are  quite  free  from 
colloid  degeneration. 
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7.  A  myxomatous  carcinoma  (nireinoma  myxoinatodes)  is  a  caucer 
in  wliU'h  the  stroiiui  iimltTgoes  a  fliuuge  into  mucdiis  tissue  (Fig.  253). 
Under  certjiin  ririMinistjincesa  like  dt-gt-nerat ion  overtakfs  the  caucrr-ceUs 
{Fig.  253,  fOf  s"  thftt  the  tissue  l>et^omes  quite  trauslneeut  and  gelatin- 
like.     If  the  cells  of  the  eonneetive  tissm'  likewise  undergo  destractioUf 


Fio.  253.— Myxoma  tons  oarciuoma  of  the  stomach,  n.  Plugs  of  canoer-cells; 
by  Connective- tissue  .strouiii;  r.  Stroma  of  iniuMuiH  tissiu?;  rf.  C'ancer-oells  which 
have  undergone  imu'miw  df-gener:itioii.  (IVeparation  Klnineii  with  hfematoxii'lin. 
Magnitled  200  tlifiuH'ters.) 


th*'  ('<»Iloi(l  areas  will  finally  iMJitlniri  no  rdlulnr  ph'inents  whntever.  This 
Viiriety  of  cancer  (K-cnrs  in  Hit*  same  .situnti'His  wlnTe  tin'  gelatinous  car- 
cinoma is  found, 

y.  Another  relatively  rare  form  of  eav<-inonin  may  cK-velo])  in  the  fol- 
lowing manner:  the  elements  of  the  growfli  first  undergo  hyaline  degen- 
eration, and  at  the  saiue  time  the  hyaline  suhslanee  and  the  masses  of 
cells  arrange  themKelvesin  groujts  in  a  i>eeuliar  manner.  The  pictures  pre- 
sented Ity  seetiotiH  of  a  eairinoma  wlii<'li  has  gone  thrctugli  Wws*'  rhanges 
i-emind  one  of  those  seen  iu  the  sarcomata  called  eylindroniata,  when 
they    have    similarly    undergone 

liyaliup     degrnefrttion.      t'areino-  ^^^^^ 

nuita   like  this   have  aeeordiugly  fl^^^^^        ^ — 6 

l)i'i-n  Tfi-kuui'd   among  tlic  cylin- 
<iromatn,  atui  called  carcinomala 

cytindromatosa.       In    a    certain  m^^^^^^^^^^w  ^ 

uniiilun'  of  the  caws  the  hyaline         ^^^^^^^B^^^^^T^bAi^i-t 

Fi<».  2.')4. — Carcinoma  showing 
hyaliuc  duKt-'uei'atiau  of  tht*  epitheUat 
cells  (cjircuioTiia  cyhii<lnmiatostiin), 
«.  Cell-uest  without  hyali nt*- degener- 
ated areas;  b.  Cell-nest  with  a  few 
hyaline  jjlnbules;  c,  c.  Cell-nests  in 
which  the  cells  have  been  forced  into 
net-Ukp  forms  hy  the  abundant  for- 
mation of  hyaline  globules.  (Magni- 
fied 150  diameter^.! 
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de(r*?ner«tioii  involves  the  r|)itlielinl  i-rlls,  und  acfordingly  hyaliut*  g^lob- 
iiles  develop  in  tlie  niiilstot'  the  crll-iiests  (Kig. 'Jrj4.  ^/).  Tln*ft:e  globules 
may  at  Inst  l»*couie  sm  tmiiienms  im  l«i  press  ifie  eiiitheliiil  eells  t(jpethf*r 
in  trabH'ula*  aiTuugt'd  likf  nottiu^  (r).  hi  uthtr  cjiHfs  the  liyaliiie  deipreii- 
eratiou  involves  llie  (ronueetivi'  tissue,  and  it  may  happen  that  columns 
of  ecIIs  j;rr<)wing  in  the  lyniph-vcssels  may  he  separateii  h-om  one  an(»ther 
oidy  by  Iiyaline  ronneetive  tissue. 

Caueei-s  in  which  there  an*  sjiots  which  nhow  hyaline  degeneratiou, 
HW  observed  n<.>t  only  in  the  skin  ami  intestine,  but  hIm*  in  glands. 

\).  Giant-celled  carcinoma  (eareiminia  ^ijjrnnto-i'eilidare)  is  a  nanio 
which  nifiybe  a]»plie<l  to  a  foi-m  of  carriuipmii  in  wliich  a  ]iart.  of  the  eau- 
ccr-i'cUs  reiu'h  an  extnr  \iiv^*'  size.  In  some  <>f  t.h<'  eases  these  larg«'  cells 
(Li'<'  sinijdj-  hypertrophic  cells  which  i*e(U'h  an  extniordinarj-  size  without 
uuderj;(»iug  any  other  jHirtieular  chanpe  in  appearance,  except,  perliaps, 
that  they  may  have  several  or  many  nuclei  (^iant  cells).  In  other  eases 
the  enlargement  of  tho  cells  is  due  t/)  a  nmeoid  or  dropsical  dopftMu'ration 
fl''^ig. 'J.*),")),  whicin'iiuses  therein  (A), as  well  «s  thi-ir  nuclei  (<•)  and  nncle<di, 
to  beeonie  very  much  swollen.  The  protoplasmic  ^'rajuiles  appear  to  be 
pushed  apart  by  the  Ihiid,  anil  iu  the  <'ells  {h)  and  iinelei  (r)  eieiir  di*o]»8 
free  from  j^raiinles  are  formed.  Suuh  cells  are  called  phyaalides  by  Cioine 
authors. 


Fifi.  255.— Enlarged  dropsi- 
pa.1  cancer-cells  from  a  carci- 
noma of  the  breast.  <i,<rh'dLDat> 
caiieer-cells ;  6,  Dropsical  oejfs 
containing'- iu  their  interior  clear 
drops  of  llwid;  c,  Swollen  nu- 
cleus; if,  Swcilleu  nucleohis ;  c. 
Wandering"  cells.  (Preparation 
bardencil  in  Miill^r's  flnid, 
stained  with  Ifismarck  brown, 
and  mounted  iu  t'anada  balsam. 
Maguitietl  •ttM)  diametera.) 


10.  jyielanocarcinoma  is  the  la>*t  variety  of  cancer  which  requii-es  men- 
tion. It  forms  iixny  or  lirown  <>r  black  tuumrs.  TIh'  pi«cineut  lies  partly 
in  tho  stroTuii,  pnrtly  in  the  caneer-ecUs.  Mclan<M*atv*in<tma  is  mtu'h  rai'er 
than  nielanosareoma. 

We  should  alsu  mention,  in  this  plnce.  the  pearly  tumors  nr  choleateatomata 
— i.e.,  tumors  or  tumor-like  products  wliieh  arc  eliaracterized  liy  the  fnrnuMion 
of  s)linin^J:-whitc  penrly  bodies*.  Tlic  pejirla  are  made  up  of  cella  hke  scalew, 
which  ait!  packed  lojrethcr  in  ciiuccntric  laytrs  iu  tlic  form  of  little  bulls,  »ome 
of  wliich  incIosM  choli^fiteriii. 

The  must  tx-pieal  formations  of  this  sort  occiwin  the  pia  mater  and  in  the 
hr»  in -substance  proper,  where  they  form  either  soliUiry  tumors  possessing  a 
conitectivp-tissiie  capsule  and  rewmbliii^?  dermoid  tumors,  or  multiple  glistening' 
nodules  or  larger  round  masses  lyiiitr  free  in  the  pia  and  brain.    Many  authors* 

*  Cf.  Virchow,  Virrhmi's  Arvh.,  fi.  Bd.:  Eppinirer.  Prnqer  Vkrtelsuhrsstchr., 
1875;  GroHs.  '*  Coritrih.  k  Tetudc  dew  tiiiiieiin*  peril's,"  Paris,  1885:  Eberth,  Virch, 
Arth.,  49.  Bd. ;  Chiari.  *' ClioIe«t4*atnmc  dcs  Hiickeumarkes,""'  Vrtujcr  metf. 
M'ffchetifchrip,  1S83;  Glaes*'r,  '"Cut^rsueh.  ii.  daa  Cholpsfeatimj  und  ihre  Knreb- 
nisse  fiir  die  Lehre  von  <ler  Entstehun^  der  Oeschwiilste,*'  Virch,  Arch.,  122.  Bd.L 
Buzzi.  *'rholet<teaton»,"  Mitth*-ii.  n.  d,  Ikrmat,  Klin.  rf.  ChariU,  188S. 
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T^ard  Them  as  endotboliomata :  others  hoUl  the  view  thnt  they  are  of  i-^pithoUal 
origin.  As  llie  Hcules  in  every  respect  resemhle  coniilied  epideriiiis-eells*  and 
as,  acoordinjf  to  my  own  observation,  the  cell-miissL's  may  contain  Ituint  either 
frue  or  growiuir  in  hair-t'oUiele^.  1  iini  of  the  u^iiiiou  thut  Ihe  pearls  are  oj'tpider- 
mnl  origin,  ami  tfinl  iwcordiiitrly  tlie^e  tn'«'wthit  spring  fnjni  oiitaneoux  tissue 
which  in  ftetal  Hfe  fia.s  found  its  way  eitfn*r  into  the  pia  or  into  ihe  lirain-f*ub- 
stance,  as  the  case  may  be.  The  same  may  be  said  of  similar  formationB  wliii'h 
are  found  in  the  pelvis  of  tlip  kidney,*  in  the  rcnineotive  tissue  of  the  testicle,  t)in 
parotid  ^land,  the  ovary,  etc.,  in  tlic  auditory  canul.  and  in  thu  cavities  of  the 
timstiiid  process  and  middle  ear.f  In  all  (»f  Iheb**  cases  we  have  Ut  do  not  with 
tumors  but  with  epithelial  rollci-tums  in  preexi<«tin^  spaces,  the  epithehul  desqna- 
matitm  (excepting  when  it  ocours  within  a  tumor)  being  caused  oy  inflammatory 
proet'sses. 

§  132.  A  cancer  arrows  first  in  the  pai^icnhir  orgnu  where  it  originates 
(Fig.  2o6,  a,  b),  but  oft<'n  extends  to  tht'  Ufi^hlsiriiiir  orj^ims.  Thr  sjjecifio 
tissues — such  lis  pHreuehyniatcus  glund-cells,  niusrh-iilires,  and  bones — 
atroi)liy  niitier  the  pressure  of  the  frrowiiig  tumor,  while  the  coiniective 
tissues  take  on  active  proliferation  under  its  iiiHueiice. 

If  epithelial  girms  froiti  a  eareiii<niiatous  foeus  find  their  way  into  a 
]ym]>b-  or  Idoinl-vessel,  a  metastasis  fiurns  jU  the  point  where  these 
germs  lod^^*  and  develojv.     This  ucruj's  wry  often  in  the  affeet'cd  organ 


i 


M ' 


J 


Fr<K  2iVi. — Primury  cnrcinoma  of  the  liver  {n)^  with  ni\:UipIe  metastases  {h) 
witiiiu  the  Uver  itself.     (Redwce<l  more  than  one  Imlf  in  sixe.) 


itj^df  fFiif.  2.*i(>,  h).  In  other  ca-ses  tlicsi*  fjcrins  apjiear  very  early  in  the 
lyinph-vessels  outside  (tf  the  nrj:?Lri  priinnrily  iifTeeled  (ef.  Fi^.  TJ2).  or  in 
th(*  near<'st  lyniph-^dands.  Often,  too,  the  prolitVratinti:  epithelial  cells 
manage  to  p-t  intn  tin-  blootU-ui-rent,  and  aiv  swept  away  by  it.     Thus. 

•  RokitauHkv.  "  Lehrli.  d.  patliol.  Anat./'iii.,  1855;  and  Beseliu,  Virch.  Arch., 
99.  Bd. 

t  Eapp,  Arch.f.Aufjeti'  n.  Ohrenheilk.AV'i  Lucae,  Arch,/.  OhrenhriU.,  i,,  1873j 
8t«inbriiffp:e.  Xrituchrift  /.  Ohrf^nhrilk.,  viii.;  Wendt,  Arch.  rf.  ll^ik.,  xiv.,  1873; 
VOD  TWiUseh,  "  Lehrb.  d.  Ohrenheilk.*' 
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for  eiamjilo,  iu  fniioot's  of  the  intestiual  h*not  veiy  oft^n  epithelial  cells 
lny^ik  into  some  branch  of  the  portal  vein  and  are  carried  to  the  liver^ 
whore  tliey  develop  into  ^leta^tatic  iiodiiles. 

By  multiiJicarioji  of  the  transplanted  eells  n  eeU-uest  is  formed  (Fiar. 
257),  wliich  swells  out  thr  vessel  into  wliieh  the  eells  have  lloatwl,  while 
the  liver-cells  are  compressed  ami  underj^o  atrophy.  Then  with  the  as- 
sistanee  of  the  vasenlar  and  eonneetive-tissne  system  of  the  liver,  which 
deveh)p»  a  eoniieerive-tissiio  Htroiuii  and  new  UhnMl-vessels,  a  8ec(>ndary 
mxlule  is  formed  which  resendjle^  iu  all  points  of  its  stnietnre  the 
pawnt-growtli  frinii  whieli  it  ori^^inatcil.  The  columns  of  hver-eells  in 
its  vieiuity  «iv  either  displar-ed  and  eoinpivssed,  or  tlie  comIk  of  cells  he- 
lonpng  to  the  secon4larv  growth  pusli  their  way  direetly  thrttug-h  the 
liver-eells,  Tlie  hitter  liappens  in  this  way:  the  gr-owth  of  the  eane*^r- 
no<iule  takes  place  m(»stly  on  the  peritihcry  in  the  open  eaiiitlary  vesst»l8 
(Fig:.  258).  so  that  the  lilooil-ca|>ill:iries  arc  (illed  one  after  anoUier  with 
cancer-cells.     As  the  latter  develop  the  liver-cells  atrophy  and  disapin-ar. 


T\g,  257. 


t 


Figr.  258. 


'/  .--\ 


^'y 


Flo.  257.— Section  thi'ough  an  ajrgrcpation  of  very  younp  cancer-cella, 
lod^^d  like  an  embolus  within  a  capillary  of  the  Hver.  'the  parent-growth  was 
an  adenocarrinoiua  of  the  tstotnaoh.  (I'rupiiration  stained  with  hsematoxyUu. 
Jlagnificd  3(M)  diani(-tei*8.) 

Fig.  258. — Metaslatie  eaurenius  development  in  th**  liver-capillaries,  follow- 
injjT  mpnn  carcinoma  <if  lh(<  pancreas.  Within  the  capillaries,  both  cancer-cell 
nest.s  and  connective  tiifwiie  have  developed.  (Preparation  tstained  with  alum 
carmine  and  motinted  in  Canada  balsam.    Ma^itled  250  diametera.) 

The  epithelial  eleno'iits  of  the  metastatic  eancer-nodules  are  to  be  re- 
garded as  jmrely  derivatives  of  the  cells  transjdaiifed  fnun  the  primai-\' 
nodule.  The  tissne  in  wliieh  the  seeDndnry  nodnlc  is  Ixcnted  funiishcH 
only  the  vascnhir  and  c<mnc4*tive-tissnc  porti(»ns  of  the  new  ^owth. 


§  133.  Retroiprade  changes  occur  extensively  inenreinoniata.audoften 
termiiialc  in  tlie  destnirti<tn  of  a  part  of  the  new  ^^►wth.  Not  a  few  of 
the  ci'Us  found  in  the  juice  si'rajied  from  fhe  ent  sni'fftce  t>f  a  cancer  are 
ahnost  ii[\\'3L\s  fitifi/-flnjrneftitf(f  or  utrrt>tu\  ami  litis  is  especially  true  of 
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soft,  rapidly  growing  tuujors,  IT  llie  fatty  ilcgeiu'i-atioii  is  uonsldfruMe 
tile  |>ovri<ms  affti'ti'd  liuve  a  vvliitt  opaque  appeunnu'e.  and  uiuy  disiute- 
grati*  iiitu  (I  ^Tin'Mikt!  mass  wliii-h  eitlier  tliii-kcns  into  at'iL-^rou-s  iiiatfrinl 
or  becomes  aljsorbt'd.  If  oiily  the  eaiR-er-fflls  are  affected  by  the  fattj' 
degciHTHtitJii,  ns  is  usually  tlie  case,  the  alveolar  contents  ai-o  thou  esne- 
eially  proirjineut,  hy  reason  of  the  coiitnist,  between  theii'  dull-white  color 
and  the  more  gray  or  gravish-i*ed  or  shiuiug-white  stroma. 

lu  tumors  whieh  are  locjited  superficially  in  nu  orgai).  or  stuiul  up 
alH)Ve  the  level  of  tlie  surface  of  the  ImkIv.  the  }ibs(ii'j»tioit  of  the  disiiitf- 
gi'Utcd  eaneer-cells  causes  a  ecutral  depn'ssit)n,  a  hollow — ihe  umbilica- 
tion  of  cancer.  In  faucrrs  wliirh  have  a  (inn  sti-oiiui.  and  in  which  a 
hyperplasia  of  the  connective  tissuf  kci-ps  pafie  with  the  wastiug  away  of 
the  caueer-cells,  the  original  cancel*- nodule  may  in  this  way  change  into  a 
tirni  mass  of  connective  tissue  which  contains  few  or  no  cancer-cell  nests. 
This  occurs  with  sjiecial  frequency  in  sciri'hus  of  the  breast  aud  of  the 
stomach, 

Mnrotts  thyettfrution  and  dropsirul  degaierntiou  have  ah*eady  been  re- 
ferre*!  to  in  «  IIU.  Partial  timt/fohl  ffrffimr'tfion  of  the  stroma  Iia.s  been 
seen  a  nuniher  of  times.  Calvijinifhm  is  most  otten  seen  in  Bkin-eancer, 
but  is  ipiite  rare  anyway. 

NeciMtic  changes  in  carciuonia,  and  the  ulcers  residtingfrom  them,  ai*e 
of  great  importance,  since  in  tJiis  way  even  large  new  giowtlis  jnay  l>e 
destroyed.  Cancer-nodules  in  the  intestine,  for  instance,  arc  destroyed 
in  this  manner,  s(»  that  in  a  short  time  after  the  nodulf  has  fornu'd.  it« 
place  may  be  taken  by  an  ulcer  wliieli  presents  eeanvly  a  trace  of  the 
preceding  tumor.  If  Ttir  nlei;i*ation  has  not  [Ji'ogi'osseiJ  too  far,  a  liMle  of 
the  old  tumor  may  remain  in  the  form  of  iiodidfs  and  papillary  growths 
at  tbi*  bottom  and  along  the  margins  of  tin-  ulcer;  but  if  the  ulceration 
has  advmici'd  still  furth4'r.  tlie  bottom  of  the  ulcer  prcs<*nls  a  smooth  aud 
clean  appeararn'c,  and  seems  to  consist  ordy  of  hard  connective  ti.s.sue, 
while  the  edges  fonn  an  elevated  wall  alxmt  it,  at  times  studded  vrith 
papilluumtous  <ir  nodular  growths.  Somi'tiuie.s,  finally,  the  margins  are 
alsK  destrttyed,  and  the  ulcer  thtMi  appears  like  a  non-oareint>matous  one 
with  iniliu-abd  base.  Even  a  section  nniy  at  times  leave  us  in  doubt  us 
to  wlu'ther  i-aneer-eell  nests  still  exist  in  tlie  tis.sue  or  not. 

('aiviunnmta  of  the  skin  or  of  the  breast  *>r  id'  oilier  subcutaneous 
glandular  organs  may  undergo  superficial  necr*>sis  aud  form  \dcers  just 
SB  ibf  the  cancel's  of  mucous  riicnihraues. 

lu  tin*  Hour  of  tiie  uh^'ration  tliei'4'  is  always  to  hv  found  a  greater  or 
less  degree  i>t  inilammatory  infiltration,  and  a  new  fonnatiou  of  connec- 
tive tissue  result-s,  which  sometimes  reaches  veiy  considerable  proportions. 
Sometimes  i|mte  extensive  gro\s'ths  of  gi-anulation  tissue  develop  in  the 
ulcer,  and  rise  like  fungous  growths  alMivc  the  level  of  ihc  surrounding 
surface.  They  oi'e  distinguished  fi'om  other  gi'uuulations  chiefly  by  the 
cancerous  cell-ncHtfl  which  tlicy  contain. 

§  134.  The  etiology  of  cancer  has  not  lu-cn  satisfiw-torily  cleared  up 
by  such  investigations  as  have  been  made  up  to  the  present  time. 

Acconling  to  the  result  of  histological  investigation,  the  growth  of  a 
cancer  is  duo  to  the  pathological  peueti'atiou  of  cpitliclinm  into  ctuiuec- 
tive  tissue.  The  cause  of  this  process  may  be  |oi>ked  for  in  a  diminution 
of  resistiince  offered  by  the  connective  tissue,  or  in  an  increase  in  the 
proliferating  power  of  the  epithelium,  or  in  a  simultaneous  exhibition 
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of  both.  The  last  eonvspftndH  l>fnt  to  tht*  ronditions  Mctnally  olwervetL 
The  idt'H  of  a  iliininLshcd  ri'sistarnj*-  "f  thu  i'(triin'ftive  tissue  to  the  ad- 
vuiK-iiiig  epilliL'hal  t*t*lls  is  sii]»iK)rted  uot  only  hy  the  histolojfieal  app»^r- 
aiu'ps  of  fttt'tioiis  n»uli'  thnnif^h  eanofroiis  iioiliili*h  in  tin*  rarly  Htiijjfs  of 
developineut,  hut  aW*  }>y  tlie  fiwt  that  raiirtTs  oeeur  iiiont  ofleu  in  ad- 
vanced iige  and  at  a  time  wln*n  it  can  be  <lemonstrat4^d  that  atiiiphy  itf 
th«  tissues  has  set  in.  In  siipjxtrt  of  an  increase  in  the  power  of  multi- 
plication of  the  epithelial  cells  may  be  nientione<l  their  hixuriaut  growtli. 
which  exciccds  even  that  observed  in  regenerative  processes ;  in  fa<'t,  in  a 
Ifiwn  area  nioiv  unclear  iiiiiotie  H^urcs  may  I)e  fitund  in  <;rtnving  cancers 
than  in  .simple  tvgenerutivc  new  growths.  At  tin*  same  time  there  t>ccun5 
what  may  be  termed  a  nietaplnsia  tyf  the  i-piflnliiim,  in  that  the  newly 
formed  cells  possess  niorplu»U>p:ieal  and  pliysioluj^ira]  characters  other 
than  lliose  id'  llic  epithelium  from  which  tlie  new  jrrowth  sprinj^. 

The  cause  nf  the  increased  j)roliferative  ncti\ity  on  the  jiart  of  the  epi- 
tiiclium,  ami  of  its  elmii^e  int4»  cells  wliieh  reminil  ouv  nnfri!  of  embryonic 
cpithelinm.is  not  known.  In  part  nf  the  cases  (cf.  §  Ul9,Fii;.  VM))  thecan- 
cci*i>ns  dcvclo]>!iH'nt  follows  iTiinnMHatcly  ujMm  chronic  irritations  (action 
of  concretions  upon  nniemis  niendiiancs.or  of  dirt  npipu  the  skin  ),«ir  upon 
ulceralioii  and  llie  fortiiatHin  *ii'  i-ieHlriees  odccrs  in  tin-  stonuich  and  in- 
testine, bipus  cicatrices  in  the  skin),  or  npon  the  development  of  jrrannhi- 
tion  fjn'o^vlhs  (Inpu.s  careinciiiiatji),  in  all  of  which  procesM's  the  epithelial 
Cells  fire  in  pari  subjiM'ted  to  altered  e(^nditions  uf  nutrition,  and  in  part 
are  displaced,  so  that  ofttfii  they  are  lodged  anMniH"  the  deeper  layers  of 
the  tissnes.  Tljcre  can  be  veiy  little  doubt  that  tliese  changes,  t<>gether 
with  tlie  altered  character  of  the  (^mncctive  ti.ssue,  give  rise  to  the  de- 
velopment of  a  cancel*.  Nevertheless  it  is  impossible  to  say  why  pre- 
cisely sindhu*  conditions  at  oiu^  time  produce  a  careinonni  and  at  anotlier 
do  not. 

In  tuoflern  times,  and  es|M*cially  ijnile  recently,  fh*"  him  has  Ijfni  ati- 
vftnrf'fl,  by  a  nnmber  of  anthoi-s.  fhnf  ntucpr  muy  hf  ti  jfunt.sitic  nfftv- 
thn.  Some  have  lo(^ked  for  tlie  cause  in  Srbi/.omycet<'s, others  in  I'l-otozojv. 
In  supiHirt  of  this  liypothesis  it  nmyhc  sai4l  that  there  are  donbtless  Inith 
Scluzomycetcs  and  Protozoa  whicli,  when  they  be(*orne  eolonizeil  in  the 
iHtdy,  eanse  ]M*olifernti<m  of  the  tL-^snes.  Qnite  lately  the  further  state- 
ment has  biM-n  made  (bat  in  caneer-eell  nests  theivai-e  often  found  l^'ioK 
inside  the  cells  stnn-tures  of  various  shapes  whieh  resend»le  Protozoa,  ana 
efipc*rially  coccidia.  lint  th*'  findimj  of  nU  these  ort/aiii'nu.s  tiofn  not  ivtirrant 
the  (ynirlnsioii  tfuit  triu  canty r  is  rfol/f/  a  puntsilir  uffvrfion.  So  fur  ilk  the 
pr*?scnee  of  parasites  has  been  detiintely  demonstnUed.  it  hius  always 
been  in  growths  which  cannot  be  called  genuine  cancel's :  and,  further- 
more, the  splierical.  oval,  sjandlc-sbaped,  and  sickle-shaifed  hyaline  and 
granular  bodies  which  have  Immmi  described  as  occnrrin^'^  in  cancer  nmy 
be  ()tlH'nv-ise  interpreted.  They  an-  ]>artly  prodn<'ts  of  retn)grade  mcta- 
niorpbosis,  such  a.s  corniftcation,  colloid  degeneralion,  aiul  fatty  degen- 
eration of  thi*  I'pidielimu  :  partly  ]ir<idnets  resulting  from  the  receptiou 
of  leucocytes  into  tlieepitbcliid  eell.s.  followed  by  a  degeneration  and  dis- 
iutegnitioii  of  tile  leneocytes;  partly  produets of  a  nuclear  division  which 
is  imtb<iIogicah  atyjhical.  or  in  ont^  way  op  another  dist^trted;  and  partlv 
products*  of  an  altered  cdl-divisiou  or  of  the  inclusion  of  one  eaneer-eell 
lu  another. 
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hpitMutl  Cyntomuta. — Cyaiaeltftoma  and  CysttKarctnomn* 

133.  Thr  (uiimrs  wliirb  nmy  l>o  gr(Mi|K'<l  tojii>llicT  nndd*  tin?  uaino 

lithelial  cystomata  hjive  tliLs  in  runiriuin:  they  all  t'ontnin  rysils  whivh 

II'  visibli'  to  the  iiukf<l  vyv.     It  i-s  iidvisahk'  to  Kejmmt**  the  cystomata 

om  tilt*  siniplf  cysls,  whirh  result  fmm  the  reifUlioii  of  swrction  in 

»*ci"'xifitiiiir  ttihes  fir  cavitiun  !iiu«(l  with  q>ithL'Liniii.     Tht»  (listiii^^ishiiig 

shanu'terisli**,  uiul  tht>  out'  whiuh  ih;t4'rniinfs  th*-  dijitrimsis,  is  tin-  fact 

hat  m  cyntomn  therf  w  an  nrfmt!  nfir  fonmtfitfit  of  fi^titue ;  bihI.  tiirlhiT.  it 

a  taoi  U}  which  attention  f<huii]il  In*  fiiUcMl  that  the  tlifftrencfs  wliii'h 

in'  ohMcrvcd  in  this  now  fonnation  of  tisKiii?  nfVoril  **nflici('ut  trr<mn<is  for 

livi(iinj>  rvfitiirtiata  into  tliffcifut  foi-nis. 

Till'  iMinihtT  of  cjivitii's  in  n  rystoiiia  varies  pn*afh%  and  from  this 
lt!irtinLr-t>'»iiit  we  may  niakp  a  ilivipion  into  nne-rhainfiftffi  or  utiifortthr 
ystmnafit,  ami  mntuf-riwmhi'rffl  or  tMitlfiltH-uhir  rifstoimihi.  Sonielinies  th<' 
ininber  of  eh*unl>«fr.s  is  so  great  that  it  would  be  woll-nigh  impossible  to 
oiiui  them  (of.  Fijfs.  2">i)  iu  271). 

KpitlitiHal  cystomata  oceur  Tni>st  frequently  in  the  ovaries,  inaiuiiiio, 
♦stieWs,  liver,  aiid  kidueys — rarelv  in  the  skin. 
Multilocular  cystomata  of   the  ovary  veiy  oft^n  form  uxteusivn 
tiiniorh,  which  weijjli  from  ten  to  twenty  kilo^raintnes  or  niorc,  and 
liieh  are  eoiiijHwed  i»f  cysts  of  different  sizes  (Kig.  "J.VJ).     I'snally  the 
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Pm.  2?59.  -CyBtomn  of  the  ovar%'— partly  of  the  simple  variety,  pnrtlv  of  a 
Kipillnr>*  f'tmnu'ter.  tu  Smooth-wallrd  evst*;  h,  I'apillary  prowth  whioli  has 
►n>kfn  'through  a  cyst-wall.  (It  is  Kuft  and  covwed  witli  iht*  ordinary  cylindrical 
ypitheliuni  of  tiiiR'OtH  nit'iiibranuii  )  Thort'  were  meta.<<ta1i('  nodules  in  the  peri- 
leuiD.    {Hedu/wd  by  about  one  third.) 
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nn%agtnaefMi  uf  the  porU  u  gaeh  tlut  uuhmtouh  little  rystit  lie  cloae  l»»- 

cid(  a  few  bir^r  out-s  iFi^.  2591 :  the  littlt*  owes?  !M»iiietiin**s  projf'<»titijr 
ontwanl  f  n  »m  1  h»*  walU  of  the  larger  <*yst^.  si»nietime«  forming  uiure  com- 
plicateil  i-ijuihitintuniti  anioDjf  themselves.  lu  rare  cases  tfae  whote  tattmr 
IB  made  up  vf  t^maH  ev«tj<.  t^t  that  the  sertiun  preaeats  a  honevpombcd 
a|ij>eanioL-e  (Ki(r.  -(iO).  I'Mially  the  tomon  yiaweiw  povtious  wliere  tiie 
tJjMUe  rt^mhl*^  fiue  t^puuge,  aiul  other  portions  where  it  is  niorp  like 

marrow,  both  of  these  portions  l»em^  lo- 
cated here  and  there  between  the  pyi4i<' 
ma»0e8;  but  the  amount  of  Mieh  ti«£me 
may  )>e  flight. 

The  walls  of  the  eysts  now  under  oon- 

nideration    nrr    smooth    and   ^listeuiiig, 

Hometinji-s  nion*  like  a  smtMtth,  stretrhetl 

murous  memltraue,  sometimes  more  like 

l'S?-/^?Sfc*T(!JKf  181^*       "  >^n)U»  meinlirane.     The  eysls  contain 

^^fimm^^  TflPjl  %         H  Hiiid  whieh  is  either  elear  or  elouded  by 

white  flakes  and  granules,  or  colowil  rtnl 
or  brown  by  bhxxl  or  blfKMl-pigment. 
Stjmetinu'H  tUii^  fluid  i»  teuaciou:^  antl 
plainly  mucoid  in  (•luira4'ter :  at  titht-r 
times  it  i^  more  si-roiis.  likr  tlir  tliiid  of  a 
truuHudation.  Ae^'ording  to  l^aniieu- 
stieb  the  mucoid  eharacler  of  the  cyst- 
eontents  is  due  to  the  presence  of  psen- 
dtmiuciu  (cf.  §  65). 


:^ib 


«?- 


/ 


^99 


Flo.  260.— Section  of  a  part  of  a  roultiloc- 
ular  cystoma  of  the  oTar>'.  (Reduced  about 
one  sijcth.) 

A  »ocond  variety  of  ovarian  cyst<mm  whioh'aUo  is  of  rather  coniwon 
occiirrenr*-.  and  whi«-h  may  gnmtly  resemble  in  exteraal  ni>i)eaTauce  the 
fonu  alrea*ly  dei»ci'il»ed,  is  to  Ite  distiugnislied  fn>m  it  by  the  piviseuce,  in 
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soint^  i>r  al]  of  it-s  eyst*^,  of  jmpilhtn/  iji'o 
Hi*e  vt'ry  small  and  souietimes  nn*  riniriiH 
certitin  ciiviimtitaiices,  may  till  up 
most  of  the  limifii  of  tlic  cvst,  or  nmy 
evt'ii  break  throujrlj  jiml  apjiear  u|>on 
X\w  oiitor  stirfai'O  t>f  tin*  tiunoi'  (Kig. 
259.  h). 

Ill  onler  to  separate  tlu'  two  forms, 
the  uamt.'  simple  cystoma  may  hn 
triv*Mi  to  tlie  first,  aud  papillary  cys- 
toma ii>  the  secomi.  Many  autliorttf'all 
the  lattiT  ri/stonifi  proliftruiit. 

The  cystomata  whii'li  <HM'ur  In  the 
testicle  jirr  usmilly  of  the  smooth- 
walifU  miilliUx'iihu'  variety  (Fi^r.  2*>2), 
whosr  cysts  ivarli  only  a  moileratc  size. 

Cystomata  in  the  liver  orciir  usu- 
ally iu  till'  form  i»f  Mujjk'  cysts  or  of 
simiU  ^n'oiijis  of  eyst,s  scattered  liere 
and  there  thnmjihout  the  liver-siih- 
staiiee(Fi»r.*JfiM.f/l  ;  h?it  the  eysts  which 
devei(»p  may  also  attain  a  coiisithralile 
sizv  {(') :  it  is  also  jmssihle  ffir  tin-  liver- 
tissue  to  he  I't'phiced  throu^'hmit  larjirc 
areas  b\'  a  tissue  made  up  whollv  of 
t^sts  (Fig.  2(ia,  e,  c). 


uthti  (Fig.  '2(i\),  which  sometimes 
►usly  *U'veloped,  aud  which,  uudcr 
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Fio.  262.— Section  ihrou^'h  an 
adtinocystoimi  of  the  tcHtiele  of  a 
four-year-oUl  boy.    {Life  size.) 
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Flo.  2fi.S.  — ^ItiltilofulaT  oystonm  of  the  liver,  seen  in  section.  ",  Part  ncliyina 
of  tiie  liver;  /i,  ^leniViranons  marpin  of  the  left  lobe;  c,d.  Two  of  the  larger 
cyslH;  f,  GroTip  of  smaller  cysts,  separated  from  one  anothiT  only  by  connective 
tissue;  /,  Portal  vein;  ^,  Hepatic  artery-.     (Two-thirds  life  size.j 
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(Pijf.  265)  J  aud  yet  one  nan  still  recopiizt-,  in  suoli  a  ff<^i*tiou^  the  general 
anatoinioiil  tViitnivs  ot  the  (Ji*«rau. 

Tho  cystic  tumors  wliicli  iipiH'ur  in  the  breast  luivt*  a  jreneral  resem- 
blance to  those  whicli  oreur  in  the inaries.  hut  they  dittVr  in  two  respects : 
Ihv  evslK  l)i.']oii^ing  U>  the  fttrnuT  are  usually  MnalltT,  and  the  interven- 
iup  tissii<\'^  ai*e  more  stronjrly  tleveIop<?(l.  Moreoscr,  that  form  of  cystic 
tumor  wJiirh  is  assoriati'tl  willi  tin'  formation  of  papillary  excit'-scfnces 
oc'uiu's  fiu*  mr)rt'  fn-ijuently  in  this  hicalily,  and  the  ac(M>mpanyiii}f  jtrolif- 
ei'ation  of  th*M-<ttinLW'tive  tissue  of  the  breast  oft<Mi  lends  a  |H'cu!i»ir  aspect 
to  tlie  new  (rrowtli,  in  consniuenec  of  which  nmnyof  these  cystic  tumors 
of  thu  hrciist  are  apt  to  1h»  dassilied.  aircordinjr  to  the  clniracter  of  tlie 
tissue,  as  rtfstosttrriniintu,  rijstofihrom^itti^  aud  rffstomtfjrotntifti.  However, 
tliere  nre  also  cases  in  wliirli  tiie  lireast  is  the  scat  of  h  papillary  cystoma 
(Fi^.  265),  whose  stnirture  folI(tws  exactly  that  of  the  ovarian  cystoumta ; 
and  consequently  these  tumors  must  l>e  si'|)arated  froiu  Ih"*  ciHincetivc- 
tissue  group  and  reckoned  amon^^  the  epithelial  tumors. 


'4. 
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Fig.  200. — Papillary  c>sfi«tia  of  the  l>rea8t,  «,  Stroma  ;  h,  Smoolh-wallwl 
cvflts ;  r.  Cysts  slmhli'il  mi  ilie  in-nide  with  papillary  gi-owths ;  d,  Cvsts  eoTupletely 
filled  with  pnpillBry  prnwths;  e,  Small  encysted  jiapillary  growtfis ;  /,  Adenom- 
atous growths  ;  fff  Nipple  of  the  hreast.     (Redueed  m  size  hy  «lK>xit  one  third.) 


Ii!  nire  ea.ses  papillnrv  cystoifuda  a]H>eiir  in  the  skin  in  the  f«»nu  of 
well-dejirn'ii  nodules,  which  vary  in  size  frnru  that  of  a  walnut  to  that  of 
an  apple.  The  iutenor  <if  tlie  <-ysts  is  elos*'ly  filled  with  pjipillafv  eXei-e.s- 
cences.  and  tlu'se  inay  also  at  times  Inxak  fhroujjh  si»  as  tti  appear  on  the 
outside  of  tin*  cyst.  These  tumoi-s  pnibabiy  develop  from  uth-romtitu  of 
the  skin  or  of  the  suhentancous  tissue — i.e.,  from  sehaceous  cysts,  which 
are  tormed  hy  the  dilatation  of  cjiithelial  canals  in  the  skin,  such  as  the 
dncfs  of  Imir-foUicles  or  sehaceons  u-land.s  or  patholopeal  invci-sions  of 
the  epitlielium  {Kfiithth'histiilfnniif«'n\  in  the  eorinin  or  sulicutain'nus  tis- 
sue. Fiirthernion-,  papillary  cystadenomata  ra ay  also  have  their  origin 
in  the  renmins  of  branchiiW  tlssures. 
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§  136.  Tlie  development  of  a  cystoma  proceeds  from  the  preexisting 
glandular  tissue,  so  far,  at  least,  as  one  may  judge  from  the  anatoraieid 
investigation  t>f  suitable  specimens.  Gystomata  which  develop  out  of  ii 
depot  of  retained  secretion,  and  in  which  the  proliferative  process  estab- 
lishes itself  only  at  a  later  date,  are  of  the  single-chambered  variety, 
whether  the  cyst-cavity  be  smooth-walled  or  studded  with  papilhe;  for, 
under  certain  circumstances,  the  development  of  papillse  takes  place  only 

after  the  cyst  has  existed  for  a 
/'  y^iSf  ^^^^  time. 

-^i^^^isiW  The    multUocular    sniooth- 

lAi.  walled  and  papillary  cystomata 

generally  spring  from  patho- 
logical glandular  new  growtlis 
(Fig.  267) — i.e.,  from  adeno- 
mata,— ^and  they  may  therefore 
be  appropriately  termed  adeno- 
cystomata.  The  alteration  of 
the  ducts  of  the   glands  into 

Fig.  267.— Section  of  a  papillaiy 
cystadenoma  of  the  ovary.  {Prep- 
aration hardened  in  Miiller^s  fluid, 
stained  with  hcematozylin,  and 
mounted  in  Canada  balsam.  Mag- 
nified 40  diameters.) 

cysts  is  a  result  of  retention,  and  the  secretion  so  retained  varies  accord- 
ing to  the  nature  of  the  cystoma. 

The  development  of  adenocystmHata  of  the  ovary  takes  place  either  in 
malformed  or  in  normal  ovaries,  and  is  characterized  by  the  formation  of 
tubular  glands  (Fig.  267)  which  closely  resemble  the  embryonic  tubular 
glands  of  the  ovary.  It  is  not  impossible  that  remains  of  these  fa*tiil 
glands  fonn  the  starting-point  for  the  new  gi-owth,  but  this  has  not  yet 
been  proved.  In  favor  of  the  existence  of  a  local  congenital  pivdis]M)si- 
tion  to  such  a  growth  may  be  nientione<l  the  fact  that  ovarian  cystomata 
often  a|>pear  on  both  sides.  The  smooth  cj'sts  are  lined  with  simple  cy- 
lindrical ejtithelium,  the  cells  of  which  are  of  varying  height  and  often 
present  a])pearancesof  nnu'ons  degeneration. 

CystoiiKi'foniuifion  in  the  kuJnfys,  so  far  as  it  affects  the  whole  kidney, 
is  usually  referable  to  some  dist  urban  re  in  development,  and  accordinjrly 
most  of  the  <*ases  ol>served  are  in  the  new-born  or  iu  very  young  children. 
The  i>rede(ressors  of  the  cysts  are,  in  the  first  place,  atyj>ically  formed 
tubuK's  (Nanwerek,  Hufschniid,  von  Kahldeii),  in  whidi  papillaiy  excres- 
cences may  often  be  observeil.  Furthernnn'e,  a  more  or  less  decided  i>ro- 
liferation  of  connective  tissue  can  ha  mad(!  out  in  the  vicinity  of  tliese 
tubules  (von  Kahlden).  Besides  the  tubules,  Mueller's  cai)sules  may  a\so. 
through  the  influence  of  retained  secretion,  imdcrgo  dilatation  into  cysts; 
and  under  these  (rireunistauces  we  may  take  it  for  granted  that  lu'iiie  con- 
stitutes the  cliief,  if  not  the  sole,  contents  of  the  cysts.  As  cystomata 
of  the  kidney  may  also  develop  in  later  life,  it  is  i)robable  that  atyjtical 
tubules  may  develop  in  kidneys  which  arc  not  in  any  manner  malforinetl, 
and  they  may  later,  through  the  nu^lium  of  retained  secretion,  become 
transformed  into  cysts. 

Pathological  proliferation  of  the  walls  of  the  gall-ducts  furnishes  a 
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bajiis  U)r  the  dcvelopraent  of  cysts  in  the  liwr;  and,  as  a  result  of  tJiis 
pTdliffvation,  at  diffon-nt  poinU  nnmenms  glaiid-tulmles  ap|>ear  in  tlic 
periportal  conuecttvc  tissu«?.  The  fully  developed  cysU  are  lined  with  a 
simple  epithelium.  The  histologictd  examination  furuitthes  no  f^rrounds 
foi'  the  Iwlief  that  tliese  tiunors  <»rifi^iati-'  in  mmio  eonjrenital  mHlffU'ina- 
tiou.  The  nearest  suggestion  of  sut'li  an  origin  lies  in  the  coincident 
appeanuK'c  of  evstomata  af  tlir  liver  and  kidney. 

Cysfomtffii  of  thr  tt'.stirie  usually  develop  from  jjland-tidmles  wliieh  are 
lined  with  eylindrieal  (le^s  often  stiuaiuons)  epillieliiini,  and  whose  Klrue* 
turo  if-  materially  different  from  lliat  of  the  noninil  tulmles  of  the  testiule. 
It  is  proliaiUe  limt  the  adenoniatoiiB  i^rowth  usnally  oei^urH  in  patlioJo^i- 
cally  developed  testieles ;  and  as  pointing  to  this  conelusiou,  the  folhiwing 
faetei  may  t>e  mentioned:  first,  tliat  these  growtlis  *x'eur  at  an  early  ogtv, 
seenud,  that  other  pathohipeal  tiswues— as.  for  example,  cartihi^' — are 
fftund  quite  frequently  in  the  mlenomata  and  aih'nmiystomaUt  of  the  tes- 
tiele  (ef.  §  137);  and  thinly  that  the  uharaeter  of  the  opithelium  varies 
(Fig.  272). 

The  tfrvthipmfnt  of  a  mulfUoruhr  ci/Afimttt  In-gins  in  th»^  ltn*ii,st  with  uti 
attjpira!  fjroiifh  of  muv  f/idttif-tissufi,  whieh  preiseuts  tlie  ehiinieteristies  <if 
tuUuhir  glands.  The  epitheliid  lining  <>f  the  tubules  isetuuposed  of  a  sim- 
ple eylimlncal  epithelium,  wliose  height  varies  in  different  e^tses.  The 
eonnective  tissue  may  be  only  very  slightly  developed,  so  that  the  neo- 
phusui  presents  the  appearutiee  of  a  pure  inifnomn ;  iait  it  is  just  lu-re  in 
the  breast  that  the  growtli  of  glandular  tissue  is  nften  a<-'et)mpanied  by  a 
marketl  growtli  of  fibrous  tissue,  whieh  gives  to  the  tumor  the  ehariu'U^r- 
iBties  of  an  udnwjihroma  (rf.  Fig.  19fi). 

The  development  of  papillary  excrescences.  whi<th  may  oeenr  either 
in  simple  or  in  ninltiloeular  eystomata.  and  whii-li  have  been  elassified  by 
some  authorities  as  a  spr'eial  group  of  papilhu-r/  rifstonMUt.  begins  eirher 
immediately  upon  the  formation  of  new  glands,  or  else  takes  plaee  only 
after  the  eysts  have  beeome  fully  developed.  In  Uie  latter  event  sinq  le 
retention  eyat-s  may  form  tho  basis  from  whieh  the  papiilai-y  gi-owths 
spring. 

If  papillary'  exere.seences  develop  in  an  adenoma  whose  glands  pre- 
sent uij  eystie  tlilatations,  an  adt^uoraa  |(a])illiferum  will  be  formed  (ef. 
Fig.  241).  The  development  of  cysts  leads  to  the  fo»-mation  of  a  cystoma 
fMtpilff/f'fUtn. 

The  ]tapilla'  wfiieh  are  fountl  in  ovarian  cysts  are  usually  slender 
single-stalked  or  brauehed  stnietures  (Fig.  208,  a),  and  are  mmle  up  of 
a  eouuertive  tissue  very  i-ii-h  in  nuclei.  In  some  eases  the  papill;?^  are 
wry  thif'k  and  jfhnnp.  Tliey  aiv  usually  e<ivereii  with  a  tall  eylimlrieal 
epitheliuiri  (Fig.  2(iS,  r),  whose  eells  Ijave  the  form  of  mueus-generating 
gidtlet-eelts,  and  pntduee  a  seeretiou  whieh  <'Hn  be  drawn  out  like  tungh 
mueus,  and  whieh  contains  many  oast-otT  epitficlial  eells  (rf)  that  Iiavc 
undergone  niueuns  degenenition.  Other  cystnmata  have  iMiliiejd  epithe- 
liuin.  and  still  others  eihaled  ejiithelimii.  Fiindly,  in  K<une  papillary 
ovarian  eystadenomata  tlie  epithelial  lining  of  the  cysts  eonsistsof  strnti- 
fied  ri/fimirieal  epithelium  (Fig.  "liW)).  In  these  eaaes.  which  are  not  alt(> 
gcther  rare,  the  new  growth  of  epithelium  deeid«*dly  preponderates.  Fre- 
quently, as  a  result  of  thi.s,  the  cysts  beeome  filled  with  a  marrow-like 
growth,  wliich  gives  to  the  neojila.^tm,  even  under  naked-eye  insiM'eti<tn, 
a  peeuliar  mednllary  or  euc<:'phHl"iiI  ap[M'aranee. 

As  huig  as  (»varian  eystomata  liave  n  simple  epithelial  lining  they  are 


378  EHTHEUAL  TUMOKS. — L'YSTOMATA. 

benign  tumors ;  but  when  they  begin  to  develop  papillas  somewhat  vigor 
i>u8ly  tliey  may  already  be  looked  upon  us  possessinjc  a  certain  decree  of 
local  maliguaucyr  inasmuch  as  at  this  stage  the  papilla)  may  break  througli 
on  the  Burface  (Fig.  259,  b)^  and  may  even,  imder  certain  oircmnstoDcesy 
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Fig.  268.— Papillary  oystoma  of  the  ovary,  o,  Stroma  with  papilW;  6,  Glaod* 
tube  with  small  papillai ;  c,  Tall  cylindrical  opithelium  wMch  lines  the  oyBt-cavitiee 
and  covers  the  papilla.' ;  d^  Mucus  filled  with  cells,  iu  the  interior  of  the  cysts. 
(Preparation  hardenetl  in  MullerV  fluid,  stained  with  hieniatozylin  and 
and  mounted  in  Caiia<la  balsam.    Magnified  150  diameters.) 

tspread  over  the  peritoneum.  Wheti  the  development  of  epithelium  he€amt$' 
more  prtmounce^,  the  malignnncy  in  turn  inereajfcs,  and  this  chau^»  is  fthown 
in  two  wayB:  the  growth  invades  to  a  greater  and  p-oater  dopw^e  tlie 
broml  ligament's,  pennoatinff  the  tissues  like  an  iufilti-atioii,  and  eau»inp 
cauliflower  growths  to  appear  upon  them ;  and.  in  tlu*  second  place,  it  itjivee 
rise  to  metastases  in  the  peritoneum  or  elsewhere.  Aceordmp  to  its  Ih*- 
liHvior  the  tumor  must  be  claMKed  as  a  malignant  papillary  cystadenoma 
or  as  a  papillary  cystocarcinoma.  It  is  a  reniarkiible  eireumslanee  thai 
the  met^Lslasos  sometimes  show  in  their  structure  the  characteristics  of 
an  onUnary  eariMuoma. 

PapiHanf  cystomaia  may  manifest  in  the  breast  the  same  behavior 
whieh  they<1o  in  the  ovary;  but  in  thi*  former  ivgion  the  eystomata  with 
slender  branehiug  papilliu  are  on  the  wliole  rare.  The  ejiitlndml  lining  in 
these  forms  of  tumor  is  usually  stronglv  developed,  and  (-(insists  of  sev- 
eral layers  of  a  sti*atified  epithelium,  whieh  gives  a  medidlary  api>eftranoe 
to  the  contents  of  the  cyst*  (Fig.  26fi.  /•.  (/.  e).  This  abuiubint  growth  of 
the  epithelium  indicates  in  this  case,  also,  the  degree  of  malignancy  of 
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Fio.  2rt9.-  Softion  from  a  pftpillary  ad**n<K'ysloma  of  the  o\'arv.  fl.  8ti*onm: 
h,  EpitUelimu;  c,  d^  Vn\nlhi\  (rrpimntlion  luirdt*i)t*i1  ia  MUllerV  fluid  and  uK'o- 
hoi,  stained  with  hitmatoxyliu^  and  luoimied  lu  Cftuada  balsam.  Mat^uiliod  80 
dituaettrs.) 
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270. — Intraoanalif'ular  flbroma  of  the  breast  (cystoma  papilliferum). 

A,  Dense  tibrous  tiMtne  lyinp  between  the  ciinals;  (»,  Peripanalieular  tiftRue,  rich 

celU;  r,  d.  f.  Nodular  intraeanalicular  grow-ths,  eut  lonpitudinnllv  ;  /,  Iiitra- 

dionlar  pT<-iwths,cut  transvei^Oy.    (Prvi«r«lion  hardened  iu  alroliol.  slnini'd 

alum  cftruiine,  and  mounted  in  Canada  balsam.    Magiiificd  25  dimuoters.) 
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the  tuniiir, — n  inalipiiam»v  whif^li  finds  its  ex|ire8fuoii  iu  tlie  fonnalion  of 
ram*»'rous  nifta.stast*.s,  so  tliat  the  tiirnor  merits  the  name  of  malisnant 
papillary  cystadenoma  or  papillary  cystocarcinoma. 

If.  iu  an  a(h'Uoiua  of  the  brea.«t,  tlie  lierioanaJieuliu'  eouueflive  tiKsnc 
deveio|KS  with  esju'cial  aetivity  (st-e  Iln-  iienraiialicular  Jlht*i»nm  rt'inv. 
seuteU  ill  Fi^.  l!UJ),  it  nfWii  liappeiis  that  this  conuective  tissuf  fonrs  iu 
way  situiewhat  ulu-iijiUy  into  the  lunitu  of  tfi**  i»:land4ubuh\s  in  the  fonn 
of  thii'k  |)roniinen<vH  (Kij^.  270,  r,  //,  f),  and  in  lliis  way  fonnw  a  p^fuluir 
kind  of  impiUiinj  rif.sftnnu,  in  which  the  mass  of  the  papilhe  which  ^n** 
into  tiio  glands  and  into  the  eystic  dilntatioiis  of  the  ^dands  is  so  ^reat 
tluLt  it  seems  just  to  <h*siM*ilM'  tin-  tnmorasnu  intracanalicular  papillary 
fibroma  or  its  a.  papifhrff  I'lfstoJihroimL 

Tin'  intraeanalienlar  pajjiUaiy  fihroniatji  appear  iisnolly  iu  the  farm 
of  small  n(»dular  tnmors  whose  indindual  nodfs  ai'e  made  nji  of  a  ]urr(iii|i 
of  glands  modilied.  in  the  manner  deseribed  above,  by  a  new  |fi>»wth  nf 
wmnective  tissue.    The  (fro^vth  has  usnally  definite  limits,  but  in  certaiti 
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Fltr.  271.-  Paiiillar>'  oystnmn  or  intmeanaliculfir  nHjiillary  fibroma  of' 
breast,  laid  open  by  a  lon^'itudiiial  in(-i><ion.     (One-hali  Itfe  «\r.t},) 


eases  it  takes  on  a  more  Wponnis  development,  and  in  tliat  event  wido 
cystic  cavities  are  deveh»|H'd  which  berome  filled  with  ntMlular  and  p«dy-] 
ptiid  or  eompresspd  leaf-like  fibrous  exeres<*enees  (Fip.  271}.  Sneh  ej-sts 
are  for  the  most  ]mi*t  <piite  numerous,  but  then'  an*  eases  iu  wliich  tlirt 
entirf  trf^wtli  is  comjwsed  of  <inly  a  few  cysts,  or  even  of  only  one  eyst. 
If  polypoii)  and  papillomatous  I'xerescences  in  a  cyst  press  hanl  opuust 
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the  ryst-wall  tJicy  may  bivak  tliroiiph  it,  and  may  even  perf<)rat«  the  over- 
lying skin  and  rtp|t»*ur  uu  thv  outer  surface  of  the  IhkIv. 

The  jinlypoid  growths  of  tlie  i*vst<inmt«  just  desiiriwd  often  show  an 
iiliundanee  nf  colls  in  tiio  new  jjrrtwth  t»f  ronnertivc  tissm*.  nr  they  mfiy 
prvsent  portit>D*i  wh^rr  the  ti^*s^IeuJ^JM'|lrs  to  ho  myxomatous  in  rlmrwter; 
Miul  on  thisaj'coiint  the  tumors  have  Ix-enehtsKided  among  theNireomata 
or  uinonfT  the  tnyxoMintJi,  as  the  ease  may  1h\  and  tlie  noinen  itnpHhinj 
ryshtMiirrouio  and  rifsfotin/jrotutt  liave  l-H-en  ffivrii  t4>  them. 

Tht*  lejif-like  stnieture  whi<*ii  tliese  tnrnors  I'xhiViit  ou  section.  }ty  i-ea- 
wju  of  the  eonipression  of  the  ptilypoid  exerest'euees  whieh  ^rrow  within 
tiie  cyst*,  hais  led  tt>  the  aiiplieatiim  of  the  twin  ttttrrtmut  pinjliiHlen. 

'■\.    Teratomaia  and  fhvir  Uelatioiig  to  M&norffrniiual  and  Rigenititnti  Iw- 
phndutinng  nnd  io  Henuiins  of  f'trtol  mrurturfK. 

i  137.  Tlie  trmi  teratoma  t»r  teratoid  tumor  is  applied  to  a  peeidiar 
styrt  of  new  growth,  wliieli  usually  prcsent^s  a.  eomplif^tiul  i^trueture,  and 
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Fio.  272.— ron(renit.il  adenooyatoma  of  the  t»»sticle.  ^rith  formation  of  pip- 
meui  and  rartilrttfe.  (Sfclion  fnmi  Kif,'.  2fi2.I  n.  Counectivetissue  stroma;  ft, 
81™!*!**  riibical  epitlielinin  ;  c,  StratifuMl  rylinilri**!!!  epitlioliuui ;  r/.  StrntiHed  cili- 
al^i  ryliiwlrifHl  ppithelium;  <•-,  Pifnncnted  opit)iHliiim  lining  u  ji-limd-tubule; /, 
rifrment^rd  eonneetive-tissue  eelLs;  tf.  Focus  of  rai-tiljijje  in  connective  tissue; 
hi  Fiiciis  of  cartilage  in  a  glaud-tubule.  (Prppamtion  hardened  in  Miiller's 
fluid,  titniiied  with  IiaMnatuxylinf  and  mounted  in  Canada  balsam.  Ma^ifled 
100  dianu'ters.) 
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consists,  at  h&ai  in  part,  of  tissues  which  do  not  iiornialJv  *>t'fur  at  tlic 
site  where  the  tumor  is  f<»uuJ. 

As  ali'eady  menlii>iu*<),  tun»ors  eontniiiinjf  curtilafir  fifqiu'iiUy  CKTur 
iu  the  pamtid  and  testiele,  ami  similar  tiinioi-s  have  been  obhenwi  iu 
(►ther  organs  wliidi  nornuilly  contain  no  eartila^e — e.g.,  in  tlie  lin*ast  am) 
thyroid  fjlaiid.  Khal)doniyoniata  are  f<iund  ottenest  in  the  kidney.  t«»- 
lii'le,  and  nteruH,  and  these  or»fans  liavc  nonrially  n*)  striated  uiusclr 
Ostennmta  are  sometimes  found  iu  inlfnijiiwuhir  fonueetive  tissm*  nuri 
in  the  nnu-nus  nundirane  of  the  air-passages,  at  a  distrtnee  from  any  j«ir1 
of  the  skt'h'ton.  The  testicle  is  soim'tinn.'w  the  seat  of  (fystiunata  vflum 
jrhiud-tubulesand  eystj*  (Fig.  272)  are  linwl  witli  sini])le  cubical  {h)  orer- 
lindrieal  e])iThelinn),  in  84mie  }»arts  stralilh*d  (r),  in  other  pa.rtt?'  provid«ii 
with  eilia  [d),  and  iu  very  rare  eases  also  pi^nented  (*■).  These  tumon 
may  also  I'ontmn  foci  of  oavtilapc.  whieh  nrc  ustially  found  lying  in  tin- 
connective  tissne  (j7),biit  ninyjilso,  under  certain  circumstances,  l>e  found 
in  the  cyslje  cavities  (A).  Finally,  the  connective  tissue  also  may  contain 
pijrment  (/)-        ^ 

The  cysts  which  are  fouiul  iti  th»*  n(M*k  (dso  <*ontaiu  lu^t  infrtH|nentiy 
cHrtilu^nous  foei  in  their  walls,  and  sometimes  also  lymphademtid  tisniif. 
In  the  8a<'i*al  re^on  congenital  tunntrs  arc  f<tund  which  contain  gland- 
tubules,  as  well  as  vanous  sortj*  of  connective-tissue  formations. 

These  and  many  other  similar  appearances  are  very  striking,  and  j»»- 
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Flo.  273.— Portion  of  the  wall  of  an  ovanan  dermoid  cyst,  a,  Walt  of  the 
cTAt ;  b.  Projecting  portion  made  up  of  fatty  and  cutaneous  tissuea;  c,  Hain*  «k 
Teeth.     (Life  Mze.) 
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tify  u»  in  pviiifr  such  trvctwlhs  a  spt^cial  plaot*  amoiifj  the  tumors,  and  in 
I'lassinjr  lluin  witli  tin*  tonmition's  known  ass  tifrattfutata.  But  tht-re  nve 
HtiJl  other  t'oi'iimti<U]s  to  whicli  the  tenii  ujiplies  even  more  strongly,  since 
in  tliest'  lire  found  nut  only  different  kinds  of  tissues,  Vmt  even  more  or 
IcsH  complete  org-uus.  such  ji*t  skiu,  Ijairs,  uerven,  muscles,  bones,  glands, 
nidiiiieutjirv  jMU'tions  of  intestino,  et<f. 

Stu-h  stvuf'turi's  iire  found  oftcnest  in  tumors  which  nrc  known  as 
dermoid  tumors  [Ki^'.  27^JI — that  ib,  cystie  tumors  whose  liiiiitiu)^  mcm- 
Ltruue  repeats  more  or  less  perfectly  the  slnicture  of  tlie  skiu.  s<t  that 
under  stnttiHed  cjiidermis  a  eorium  with  its  papilhe  is  fmmd,  and  often 
itiso,  uuderlyiu|Lf  this,  ii  layer  of  sultcutaneuiis  wliiHtsi'  tissue.  In  many 
cases  tin-  meud)rnne  contains  strnetiiiH's  wliirh  are  the  speeial  nttnbutes 
of  the  skin,  such  as  sweat  miuI  selmceims  glands  and  hair-follicles;  and 
here  aiid  there  Kn-ks  of  hm^j:  Idond  hair  aj-e  hovu  (Fi^,  273.  r).  The  cyst 
contains  usually  a  fatty,  unctuous  nuvterial.  the  product  of  the  epider- 
moid liniuf^  of  the  cyst,  and  in  it  fat.  east-off  cjnrhcUal  scales,  and  Jiairs 
ai'c  found, 

Souu'times  leeth  (Fil,^  273.  </)  are  fnund  In-re  and  lliere  in  the  wall  of 
tlie  eyst.  Tlie  speeimcns  found  arc  occasi^aiully  ]>('rfeetly  t\'])ieiil  forms 
i>f  tertli,  and  the  liase  upon  wliich  they  rest  may  In-  either  couneetive  tis- 
sue, liiuie.  nr  rjirtihi^'**.  Other  sorts  of  tissuc-fornuitions.  such  as  nerves, 
niuscics,  and  intestine,  arc  very  rarely  found. 

I)erun>id  eysts  are  oftenest  found  in  the  <fVrtr>*,  more  raivly  in  the 
testi<']e,  in  the  perittiueuni.  in  tlie  ni^ou  of  the  base  of  the  bruin,  in  the 
neek.  in  the  orbit,  etc,  Srniu-timcs  th^y  arc  encountered  in  the  shape  of 
very  small  cysts  not  larp-r  than  a  ]Ma;  but  usually  they  are  of  ctmsider- 
ab!e  size — as  larpc  as  the  list,  ar  even,  in  some  cases,  as  larp*  as  a  man's 
head.  In  the  ovaiy  they  are  often  associated  with  the  formation  of  n 
i'Vstonm.  The.sc  pi'itwrhs  phiinly  prow  very  slnwly.  »iud  may  be  earrird 
alMJut  for  year's  and  even  for  di-cmles.  When  sulliriently  lary;e  they  may 
set  up  enough  proliferative  aetivity  in  the  ueigliboring  tissues  to  cause 
adhesions  to  take  pla^'c  l>etwe'cu  the  tumor  and  neighboring  orgnns. 

riosely  rvlat^'d  to  the  dcnnoid  cysts  jire  the  hairy  polyps  which  are 
found  in  the  mouth  and  pharynx,  and  which  may  iiielose  in  their  connee- 
tive-tissue  franirwork  all  si.rts  of  tissne-f<ir!iiations.  t  *f  a  similar  nature, 
idso.  lire  tin*  cystic  formations  wliirh  appear  in  tlie  skin  or  under  the 
skin  in  ditTeivnt  portions  of  tin"  body,  but  espfcjally  in  th^  nc<'k  and  in 
the  mcdiiin  line  of  the  Imek.  ami  which  iire  lineil  with  stratifled  si/uamous 
fpiflif'fium  {(hrrfififori/sfs).  Thrsr  roiitain  no  hinrs.  but  in  the  ucrk  they 
aif  (tfteu  combined  with  jiathttlogii-al  new  formati<uis  of  cartilage. 

Other  growths  which  sliould  also  be  reckoned  am<>ng  the  t+'ratomata 
are  cysts  with  cylindrical  epithelium,  at  times  ciliated,  which  Imve  been 
observed  in  tin'  subrulannnjs  tissue,  esiiecially  in  the  neck  and  tin*  fore- 
head, as  well  as  within  I'crtiiin  organs,  and  rspectally  in  the  tissues  of 
the  peritoneum,  in  the  sub[M>ritoncal  tissue,  and  in  the  modinstiuum. 

Teratomata  of  a  complicated  structure — Mint  is,  those  formations 
which  with  the  dermoid  eysts  make  up  the  reid  tcriitcunata.  in  the  nar- 
rower sense  of  the  Term— arc  most  often  fomul  in  the  SfKYnl  vf^ffion;  tint 
they  likewise  occur  in  ittber  parts  of  the  body,  as.  for  instance,  in  the 
neck,  in  the  face,  and  idso  in  internal  organs.  They  nmy  be  made  up  of 
the  most  diverse  tissues :  eonneetive  t!s.sue,  fat.  eartihige,  bone,  muscle, 
I>eriphera1  nerves,  ceuti-al  nerve-substauce.  4\vst-s  lined  with  ci>ithelium, 
and  tubuhir  glands.     Sometimes  nidimcntarj"  or  fairly  well-develoi>ed 
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organs,  extremities,  portions  of  backbone,  int-estine,  nerves,  jwrtions  of 
the  central  nervous  system,  etc.,  are  also  found  in  these  formations. 

§  138.  The  formations  described  in  §  137  can  be  explained  only  on  the 
supposition  that  at  the  time  of  development  germinal  fragments  have 
been  misplaced,  or  else  that  remains  of  foeta!  formations  have  persisted. 
The  latter  is  the  coirect  explanation  for  many  cysts  of  the  neck,  and  for 
those  which  occur  in  the  peritoneal  and  suljperitoneal  regions,  the  testi- 
cle, and  the  mediastinum,  where  remains  of  the  braiichial  clefts  or  of  tlie 
foetal  urogenital  apparatus  have  been  presei*\'ed.  The  best  explanation 
to  give  of  all  tliose  formations  which  contain  cysts  or  solid  masses  of  tis- 
sue in  places  where  such  structures  existed  at  no  time  of  the  develop- 
ment, is  to  consider  them  in  the  light  of  a  transposition  of  tissues.  It  is 
an  open  question  whether  we  have  to  do,  in  such  cases,  with  autochtho- 
nous or  with  heterochthonous  implantations — i.e.,  with  monogerminal  or 
with  bigerminal  implantations. 

If  a  teratoma  be  foimd  to  contain  very  diverse  tissue-formations  which 
at  least  in  part  may  be  identified  as  representing  rudiments  of  organs  or 
perhaps  even  fuBy  developed  organs,  which,  however,  are  supei-fluous  for 
the  individual  in  whom  they  are  found,  we  may  consider  such  a  tumor 
as  a  heterochthonous  teratoma  or  as  a  bigerminal  implantation — i.e.. 
as  a  rudimentary'  twin  which  is  more  or  less  completely  enveloped  by  the 
well-developed  Uvm  (cf.  D<mble  Monsters,  §  157).  On  the  other  hand,  if 
the  teratoma  contains  only  diverse  tissues  and  cysts  whose  production 
does  not  necessarily  imply  the  existence  of  a  second  individual,  the  tumor 
is  to  be  looked  upon  as  an  autochthonous  teratoma  or  as  a  monoger- 
minal implantation. 

The  origin  of  a  particular  formation  of  tissue  may  }>e  inferred  from 
its  stmeture,  as  a  given  tissue  can  be  derived  only  from  the  same  or  a 
closely  related  tissue.  Cartilage  and  bone  indicate  the  presence  4if  con- 
stituent portions  of  the  skeleton,  or  more  particularly  of  the  resj>iratory 
api)aratus.  Striated  luuscnlar  fil)res  can  come  only  from  the  germs  of 
the  muscular  system,  and  in  the  same  manner  nerve-tissues  come  only 
from  some  ])art  of  the  i)eripheral  or  central  nervous  system.  If  gland- 
forinations  arc  pi-escnt  in  whose  structure  we  can  recognize  certain  ]>«r- 
ticular  glands,  we  are  sure  of  their  origin,  since  they  must  luive  Iwen  de- 
rived from  those  glands. 

Tlic  cysts,  which  so  often  rejn'esent  teratoid  formations,  or  fonn 
parts  of  teratoid  tumors,  may  originate  from  various  sources;  and  by 
means  partly  of  the  imture  of  the  epithelium  and  i)artly  of  the  site  of  the 
growth  it  is  possilile  to  determine  their  exact  source  of  origin. 

Cysts  which  arc  lined  witli  stratified  s<nunnous  ei>ithelium,  and  wlio.-^' 
walls  present  the  same  characteristics  as  the  skin,  must  be  regarded  as 
derma toc}/.>ifs,  whicli  spring  from  the  ectoderm.  Cysts  with  cylindrical 
and  vnth  ciliated  epithelium,  according  to  tlie  site  wliicli  they  occupy, 
may  have  come  from  rudimentary'  gland-structuj'es  or  from  the  medul- 
lary canal;  and  hence  they  maybe  divided  iwto <nJfnoct/sfs and  mtfeJorysfs. 
In  the  abdominal  cavity  cysts  may  arise  from  portions  of  the  intestine 
which  have  become  ist)latt?d  through  constriction,  and  similarly  riulimeuts 
of  tlie  intestine  whicli  have  developed  from  bigerminal  implantations 
may  change  into  cysts.  These  are  called  cntrrorifsts.  The  ])athologieal  de- 
velopment of  lymph-vessels  in  a  cyst  nuw  lead  to  the  formation  of  ftfmph- 
cfffifs  lined  with  endothelium.  Excessive  dilatation  of  blood-vessels  leads 
to  the  fornmtion  of  hJood-ctfsfs  or  hffi/Kifoct/sfs. 
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The  transposition  of  the  germs  of  tissues  in  most  onses  can  Ijp  iti- 
fen-ed  oiilv  from  the  stnn'tiu*e  of  tlie  resulting  growtli,  while  the  mech- 
anism <,>t"  the  orijfiiitil  in'oress 
(■annot,  us  a  rule,  bt*  inmie  out. 
AikI  v>t  tlu'iv  nil*  tils'M'dsos  m 
%vhi«*h  till'  rhaiijTfs  aitMlenum- 
8tnihle.  So,  for  rxainiiU',  in 
thi*  fn»*cs  wliciT  a  liurnia  (>f  tlic 
Hiiiiuil  conl  in  the  su<*nil  rfyion  '  -^ 

n*tnriist(j  ils  |tn»ifi' place  (von      t 
Keckliu(j:lumHen)t  adipose  (Kijr.       ''    :"*-,. 
27-1,  i)  nnd    niuscitdar  tissues        T    .-  ' 
(Fijr.  274,  A-)niay  find  their  way 
into  tlie  spinal  eanal  nntt  into 
the  araehnoitl  spaee.  and  jrrow 
around    the    in'i-ves.     Arnohl 
saw  a  transpiisitinii  (d*  adi^Kise, 
eartilauri Molls,   jL^tanduIat*.   aiitl 
glial  tissues  at  the  lower  end 
of  tlie  trinik  of  thi*  body,  in  a 
case  of  myeloeyst  witli   roin- 
])let<*   defe<!t  of   the   Inndmr, 
sacral,  and  eoery^eal  jiortioiis 
of  the  s]iitnil  ciduitnt. 

If  a  tissui-  is  tnmsphmted 
it  may  remain  uui'lianged,  or 
gradually  l>e  destroyed  in  its 

Fio,  274.— Spina  bifida  neculta,  with  niyoHpnina  in^^irle  the  vei'tehral  canal. 
(Sagittal  sei'tion  abnut  1  em.  tu  the  left  of  the  inetUan  hne.  ReJuceil  ab<,tut  one 
half.  CoitieJ  from  von  ReckliuKhuusen.)  a.  Abnoi-mally  tiairy  slciu;  b.  Fibrous 
eovering  which  forms  tlie  posterior  wall  *yt  tlie  sjierul  caual,  with  a  sht-Iike  open- 
ing at  c;  ii^  Spinal  cord;  *■,  ('onus  mtMliiUarii*,  lyiug  in  the  se<»ond  sacral  verte- 
hra  (2)  instead  of  in  the  second  lumbnr  vertebni;  /,  Cauda  equina:  g.  Dura 
mater;  h,  ?*i,  Recurrent  left  anterior  nerve-roots  of  the  thirtl  and  fourth  lumbar 
nen'cs;  »,  Fat;  A*.  Muscular  tisaue;  IV,  Fourth,  and  V,  tifth  hunbar  vertebrie ; 
1-4,  Sacral  vertebrie. 

abnornuil  situation  and  its  place  be  tjikeu  by  other  tissue.  Ovfrt/m  tin's 
traHsphutai  tissiw,  bij  fttrtfur  ijroii'th,  u  hfUrotopir  tumor  mtitj  tittehp. 
According  to  the  obs«»i'\'ntion  of  various  authors  (Amohl,  Balin,  Lesnge, 
Legi*aud,  Birtl.  von  Ttergniann,  Mails.  Ziegler,  and  others),  it  enunot  be 
doubt^l  tluH  lijinnKitn.  fil>roniata.  tlenuoid  eysts.  iind  Iniiry  |Mjlyps  may 
arise  within  the  canties  of  the  skull  iind  vertolmd  eoliunn,  as  a  i-eault 
4)f  the  retrogression  of  clefts  and  hfiniiKs  in  these  ]iarts. 

AoeesBOiy  supraremd  eupsuU's.  whetlu-r  lying  within  the  kidneys  or 
elsewhere — e.g.,  iii  tin-  l>rt»a<l  ligaments  (Marehand) — may  not  only  per- 
sist, but  may  form  the  stai-tiuy-]>oiut  for  various  timior-formations.  In 
thesjune  way  tumors uuiydevclojk  in  sni)ernumeran'(«/x/*'.vy/;rm//rH)  thyroid 
or  iiuunnmry  glands.  A  cancerous  gi'owth  has  ofteu  been  observed  to 
start  in  braucliiogenic  eysts ;  anil  from  isolntrtl  |M»rtions  of  the  rudimeu- 
tnry  epithelial  dental  membnine  not  only  deutal  eysts  but  malignant 
tumors  ((-auuers)  may  arise. 


§  139.  After  tJie  union  of  the  ftexiial  clpineiits  1ih8  tAken  jilaop.  the 

developim-iit  t»f  X\w  t*ni]>ryo  pro^-essL's  Ky  a  fonriiniHl  divisitui  of  niielei 
and  cl'IK  iVlong  with  this  diWsion  theiv  nrist'  in  mi  orderly  niflnner 
special  ^nnipin^js  and  differentiations  of  the  cells,  leading  to  tli*'  funna- 
tiou  of  spetaid  tissues  and  organs.  The  eell-pmlifenition,  as  well  as  the 
develofjnieiit  of  the  individual  eell-groups  into  speeial  organs  and  jiarts 
of  the  IhmIv.  di'pends  upon  intmial  i-ausi's,  and  isetnitrollril  hy  eharaeter- 
isties  which  the  eudnyo  has  n'eeived  by  transfer  of  iidieiitalde  paternal 
or  nmtenitti  iharaeterisrics  whieh  were  in  tin*  as<n'ndniit  at  the  moment 
of  the  iiid<)n  of  the  si'xual  elements,  which  nre  to  Ite  rrgmth'd  as  the  ear- 
rie!*s  of  inherited  eharaeteristies.  It  follows  that  not  only  the  eharaeler- 
isties  proper  to  the  sp<MMcs.  hut  also  the  sjieeiid  jM-culiarities  of  the  individ- 
ual, ai*e  predetermined  in  the  jjemi,  and  the  developuHMit  of  the  eDll»ryo 
proceeds  essentially  under  the  control  of  sdf-cimtainerl  monlding  forces. 
And  yet  this  d4!velopment  is  not  amnnplislied  witliout  an  intlnem-o  from 
the  cnvii*onriient,  in  that  the  eudiryo  of  nt'i'essily  receives  nourishment 
and  wiirmth  fnmi  tlie  maternal  orffanisni,  and  is  exposed  to  nie<'hanical 
inrtnences  on  the  part  of  its  t-nvelopes  and  tlir  uterns.  These  inflnenees 
may  opemtc  to  modify  the  development  of  tin-  I'letus. 

In  every*  sjtccicH  of  nnimal.  mnu  iuchnhMl.  the  Irtwlily  form  nnd  the 
shape  of  theorgiins  present  i\  fi>"rtinif<ir  tl/p>-.v.■h'l^•]\  cx]>ericnce  has  shown 
recurs  continually,  ami  whieh  is  theivfon*  hiukcil  u{h)ii  as  um^Hot.  If 
there  are  departures,  more  or  less  marked,  from  this  tytn",  which  are  to 
l>e  referred  to  iiii  nhuonnnl  course  of  the  intra-uti'rine  development,  the 
conditicui  is  mlhtl  n  con^jenltal  malformation.  If  the  departiiiv  from 
the  U'lrnud  hiiild  is  very  trn-nl.  si*  fhat  llic  jdTected  individual  is  grostsly 
misformed.  it  is  spoki-n  of  us  ii  monster. 

It  is  ciistoiiuny  to  ns*-  the  ti-rni  riuilfonuation  to  ilesiiniftte  only  sudi 
anomalies  in  the  form  of  the  wlioh*  hody  or  individual  parts  (tf  it  ns  pre- 
sent to  a  mere  cxt^nuil  inspcition  rather  strikinjr  deimrtures  from  the 
normal.  It  is  nevertheless  entin-ly  correct  to  use  this  term  for  jMitho- 
htgiod  c4)riditious  of  inlra-uterine  oriyin,  whidi  consist  tiot  so  much  iu 
an  al)nonmd  ehanpe  in  fonn.  hut  nither  in  a  partial  or  faulty  organiza- 
tii»n  of  thr  atfrcted  part  i>r  orpm. 

A  single  malformation  is  one  which  originates  from  a  single  indi- 
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vicliml,  Avliiltf  iL  double  malformation  ur  a  double  monster  is  uu<>  whieii 
is  iiiudt.*  iti)  froiii  two  iitdiviUnuls. 

MalformfttUma  iimtj urin*'  in  ftrfnrtnfs :  from  tntfrtnif  r/ttisfs  anfl from  eX' 
tcnutl  atusfs. 

As  internal  causes  tiuiv  lie  r*  ckoncd  nil  such  «s  almuJy  exist  in  the 
genu,  so  tliJif  in  thr  «lfvi-lf)|)iiu'nt  of  tin-  tiiiluyo  iilinoruial  forms  nr\se 
siHtntiiiH'ously.  without  iiitcrvi'utiou  from  without.  AVhcu  sui-h  a  mul- 
fonriutioii  oi-curs  for  the  Hrst  time  iu  n  fiuuily  it  must  l»e  iviranled  as  a 
primanj  ffrnu-nfrittfioti.  This  is  to  In'  rifganled  in  t'itluT  of  two  "wavfi: 
thfiv  nmy  have  lu'eii  mi  uluiornmlitv  of  oiih  oi*  the  oilier  of  the  sexual 
ntielei  whieh  enttMvd  int**  imion.  or  tnoy  may  both  have  been  normal,  but 
froMi  their  union  a  variety  lias  arisen  whieh  frotn  our  point  <if  view  is  to 
bt'  lookeil  niKtiiflj*  iKUholnjrJQ.nl  (cf. §yti).  It  is  alst*  possible  tliul  <iislurip- 
lUiL't'sin  tUeprceessof  fecniiflnlionean  (^veris^^  to  pMthoIo^ieal  variations. 

If  a  similar  nitLlformatioii  has  already  occurnnl  in  a  iiareut.  tbe  ease 
may  l>e  uue  lu  wliii-h  tlu*  ilrfert  has  been  inhtrilHl.  If  a  malformation 
wbirh  has  ;it»]H'Hrr)I  is  u  |)eculiurity  whii-li  was  n*it  ]ir«'sent  in  one  of  the* 
pari'uts.  iMit  did  orctir  in  n-ntotcr  aticestoi-s.  while  it  was  wanting  iu  the 
mlennediat*'  links,  the  otMMiriruee  is  sjniken  of  as  nturistu. 

As  primary  tr«*nn-varialions  we  tind  the  very  winie  iriaironuatiouf* 
tliHt  oei'iir  by  iuheritaueo;  in  othi-r  wonls,  oidy  those  miUformations  are 
inluM-itcd  that  have  orifjinally  |n-esi*ritt'd  tlicnisrlvi-s  jis  ivrimary  ^erm- 
variati'uis.  To  these  iiuilformati<ms  that  may  Ite  transmilled  by  inheri- 
t«urc  bi'buijf  an  ineri-asi-  in  the  nnitiber  of  fiajLTers  or  t^jes  (iM»lydaelylisni), 
pigment  spots  of  the  skin,  abnormnl  hairiness,  hai*e]ip.  an<i  eertnin  patho- 
ioifieal  ennililions  of  the  nervous  system,  as,  for  rxmuple,  tila'onmta  of 
till'  t>eripher)d  nrrv4s. 

Under  external  causes  4>f  malf<»nnatiiinsthe  (ii-st  to  Iw  ronsidered  ai-e 
jornmjs,prfssurt',ii\ii\  disturtmuns  in  Iht^ st/fi/th/ af  ttsffffeii  tiiuI  nonrishmi'nt. 

dan'ing:s  of  the  uterus  eau  very  likely  direetly  damage  the  egg  at  an 
early  stage.  At  a  later  .stage  in  the  development  of  the  embryo  the 
damage  worked  by  traunui  is  probably  more  often  to  be  looked  upon  a.s 
the  result  of  a  ti*anng  lo<tse  of  llie  egg  and  bleeding  from  the  deeidua, 
lemling  X*t  nuibiutrilion  t>f  tin*  cgL'.  It  is  evident  iliut  bh-eding  from 
4)ther  eauses,  eliauiri'.s  in  and  eoutamimitionM  of  the  mtitenial  bluod.  as 
they  oeeur  in  iutVelious  diseasi's,  als**  disease  of  the  xilerus  itself,  will 
have  a  detrimental  effeet  on  the  deveUipinsr  egg:  yet  all  of  these  eoudi- 
tiuuH  ]irobabiy  lead  more  often  to  t]u<  dealh  i>f  tlie  ftetus  and  to  extru- 
sion of  the  egg  tluin  lo  the  development  of  a  malformation.  Tnfeetious 
diseases  of  the  mi»tlier  may  be  tninsmitted  to  the  fcetus  and  eause  there 
I'hanieterislie  disturbanees.  An  alunn-nnd  pressure  from  the  uterus  or 
the  memliiinies  may  be  exertf'd  iip<Mi  the  ernltryo.  especially  whei*e  the 
amuiotie  (iuid  is  in  snuill  ipumtity.  Deformities  of  the  extremities — as. 
for  examjile.  club-fucpt,  flat-foot,  and  elub-hand — not  nu*ely  shi>w  signs 
of  jiressnre  having  heen  exerted  (Kig.  278). 

Fnun  the  anatomicnl  apiHrnranees  in  some  nudfonnations  it  appeal's 
that  patholoKical  conditions  of  the  amnion  are  particularly  hk<-ly  t^ 
exert  a  damaging  iutlueneeon  the  embryo.  The  amniim  is  ft>rmed  at  the 
time  when  the  embryo  sinks  intr>  the  yolk  which  is  then  lying  under  it, 
and  arises  from  the  extra-endirA'onic  ]>ortion  of  the  somatopleiire.  which 
forms  folds  anteriorly,  posteriorly,  ami  hiterally.  and  surrounds  the  em- 
bryo. Fi^om  thecoalesoeneeof  these  folds  over  the  dorsum  of  the  embryo 
the  latter  comes  to  be  in  a  raviiVj  whose  envelopi*,  the  amnion,  is  eon- 
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l>eing  found  as  connecting  bands  and  threads  (Figs.  275,/,  and  276); 
and  their  relations  to  the  malformed  portions  leave  no  doubt  that  they 
.stand  in  causal  ivlation  to  the  malformation.  Huch  adhesions  may  cause 
grave  malformations  of  the  cranial  {Fig.  275)  or  of  the  facial  (Fig.  276) 
portions  of  the  skull.  Not  infrequently  portions  of  extremities  are 
snared  oflf  by  amniotic  threads  (Fig.  277), 

How  far  these  attachments  of  the  amnion  to  the  foetus  are  to  be  re- 
ferred to  primary  adhesion  and  union,  and  how  far  to  inflammatory  prt>- 
cesses  appearing  later,  is  still  the  subject  of  controvei'sy.  If  a  portion 
of  an  extremity — for  example,  a  finger — is  caught  in  a  loop  of  such  a 
uniting  band,  and  then  the  band  put  on  the  stretch  by  accumulation  of 
the  amniotic  fluid,  the  portion  included  in  the  loop  will  l>e  snai^  (Fig. 
277)  and  eventually  amputated.  At  an  early  embrj'onic  period  ampu- 
tated portions  may  be  absorbed. 

What  gi'oss  deformities  may  appear  on  the  heatl  as  a  result  of  amni- 
otic adhesions  is  shown  in  Figs.  275  and  276,  and  from  these  cases  it  may 
readily  be  inferred  what  the  effect  of  adhesions  on  other  parts  of  the  head 
may  l>e.  It  is  not  rare  at  birth  to  find  adhesions  no  longer  apparent,  and 
only  a  scar-like  appearance  to  mark  the  affected  spot  (Fig.  276). 

According  to  Darest€  and  6eoffroy-St.  Hilaire,  an  abnormal  snugness 
of  the  amnion  exerts  also  a  damaging  inflnence  on  the  embrj^o.  So  it  is 
also  claimed  that  abnormal  tightness  of  the  cephalic  cap  of  the  amnion 
is  capable  of  causing  the  malfonnations  known  as  anencephalia  and  ex- 
encephalia  {§  145),  cyclopia  (§  146),  and  cebocephalia  or  arrhinencephalia 


Fig.  277. 


Fig.  278. 


Fio.  277. — A  hand  stunted  by  amniotic  adhesions ;  ring-finger  snared  off  j 
middle  and  index  fingers  g^own  together  and  distorted.    (Reduced  one  sixth.) 

Fifl.  278. — A  hand  stunted  and  misshapen  by  pressure;  thumb  wanting; 
hand  flattened ;  great  bending  and  shortening  of  the  forearm.  (Reduced  one 
fifth.) 
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(§  146) ;  while  abnormal  tightness  of  the  caudal  cap  leads  to  stunted  de- 
velopment of  the  lower  exti'emities  (§  150).  Marchand  refers  also  phooo- 
melia  to  pressure  exerted  at  an  early  period.  Finally,  clefts  which  occur 
in  the  anterior  abdominal  and  thoracic  walls  (§  148)  are  associated  with  a 
deficient  gi'owth  of  the  amnion ;  still  the  latter  condition  is  often  not  so 
much  the  cause  as  it  is  a  concomitant  of  the  malformation,  wliich  may 
follow  from  a  Aariety  of  causes,  but  is  doubtless  often  to  be  classed 
with  the  spontaneous  or  primary  malformations. 

The  period  at  which  the  damaging  influences  exert  themselves  natu- 
rally varies  mu<;h,  and  so,  also,  does  the  extent  of  the  damage.  The  earlier 
the  damage  occurs  the  moi-e  extensive  it  generally  is.  Malformations  in 
the  more  restricted  sense  arise  mostly  in  the  first  three  months,  a  period 
when  the  body  and  its  individual  parts  are  assuming  their  proper  fonns. 
Damage  to  the  foetus  at  a  later  period  occasions  departures  which  in  tip- 
pearance  are  more  nearly  allied  to  those  acquired  after  tnrth. 

Some  malfonnations  are  typical — that  is  to  say,  they  always  reappear 
in  the  same  form  ;  while  others,  again,  are  entirely  atypical,  so  that  oft^n 
the  most  astonishing  anomalies  of  form  arise.  The  latter  are  ni(>stly  the 
I'esult  of  harmful  influences  operating  secondarily  from  without,  while 
the  former  may  be  regtirded  as  chiefly  due  to  internal  causes.  External 
influences,  however,  may  also  cause  typical  deformities. 

The  damaging  influences  which  affect  the  normally  constituted  embryo  in  the 
process  of  development  play  in  the  etiology  of.  malformations  a  more  prominent 
role  than  inheritance  or  primary  germ -variation.  This  comes  about  from  the 
general  use  of  tlie  term  malformation  in  the  sense  only  of  gross  anatomical  depar- 
tures, such  as  arise  through  external  causes ;  while  the  pathological  peculiarities 
which  pass  by  inheritance  from  the  parents  to  the  chila,  and  the  primary  germ- 
variations,  manifest  themselves  much  less  by  changes  in  the  outward  form  than 
by  deficient  or  perverted  function  of  the  tissues  or  predisposition  to  diseases, 
etc. — departures  whose  anatomical  basis  can  be  found  only  by  painstaking 
study,  or  is  wholly  insuscei>tible  of  anatomical  demonstration. 

Geoffroy-St.  Hilaire  *  discards  entirely  tlie  teaching  of  primarj'  abnormality 
of  the  germ  (Haller  and  Winslow),  and  attributes  arrests  of  development  simply 
to  mechanical  influences.  Panum  f  agrees  with  him  in  general,  althoueh  he 
admits  the  possibility  of  a  primary  abnormality.  In  hens^  eggs  he  produced 
malformations  by  tenipei-ature  variations  of  the  incubator,  and  also  by  varnishing 
the  shells.  Dareste  t  niade  similar  experiments,  and  produced  deformities  due 
to  arrests  of  development  by  setting  the  eggs  on  end,  by  vamisliing  the  shells 
by  raising  the  temperature  above  4.>°  C,  and  also  by  irregular  warming  of  the 
egjrs. 

Very  recently  L.  Gerlaeh,  Fol.  Wary'nsky,  Richter,  Koux,  and  Schultze  Have 
experimented  in  this  direction,  and  have  sought,  with  some  success,  to  produce 
malformations  in  hen  embryos  by  localized  influence  of  radiant  heat,  variations 
of  temperature,  varnishing  the  eggs,  changes  of  ^)osition,  injuries,  removal  of  a' 
portion  of  the  white  of  the  eqi^,  and  by  agitation.  Roux,  experimenting  on 
fro^rs''  egfjs,  found  that,  after  destruction  of  one  of  the  divisions  fomie<l  by  the 
primitive  streak,  the  other  continued  its  development  to  the  formation  of  half 
an  embryo,  demonstrating  that  the  portion  on  either  side  of  the  primitive 
streak  contains  within  itself  the  developmental  power  to  form  the  corresponding 
half  of  the  body.  But  the  body-half  which  is  wanting  may  be  later  replaced  by 
subsequent  development  from  tlie  undestroyed  half,  and  a  whole  structure  be 
produced,  showing  that  a  half  contains  powers  to  produce  also  the  other  half. 

•  "  Hist,  pr^'n.  etpartic.  des  aiiomalies  de  Torgnnisation  chez  Phomme  et  les 
aniniaux,'*  Paris,  18.*t2-37. 

t  "  I'ntersnch.  iiber  die  Entstehung:  der  Missbildungen,"  Berlin,  1860. 

t  *'  Reoherchcs  sur  la  production  artificli'Ue  des  raonstruosit^s,"  Paris,  18m. 
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Schnltze  ezperiznented  on  the  eggs  of  amphibia.  Thev  normally  assume  a 
position  in  which  the  darkly  pigmented  protoplasm  of  lighter  specific  gravity 
lies  above,  and  the  heavier  clear  protoplartm,  rich  in  yolk  granules^  lies  below. 
Malformations  may  be  produced  by  placing  the  eg^  in  an  abnormal  posi- 
tion and  preventing  their  resuming  the  normal  position ;  and  the  degree  of 
malformation  stands  in  direct  relation  to  the  size  oi  the  angle  which  the  attrac- 
tion of  gravity  makes  with  the  abnormally  placed  axis  of  tne  egg.  By  turning 
the  egg  through  an  angle  of  180°  in  the  two-cell  stage  a  double  monster  is  regu- 
larly produced.  By  the  same  turning  in  the  eight-cell  stage,  development  is 
completely  stopped.  All  this  shows  that  gravity  is  another  influence  capable  of 
causing  (usturbances  of  development,  and  that  these  disturbances  arise  from 
displacements  consequent  upon  a  sinking  of  the  heavier  and  a  rising  of  the 
lighter  constituents  of  the  e^. 

For  the  production  of  a  malformation,  it  is  manifest  that  the  damage  to  the 
embrj'o  must  not  be  too  severe;  otherwise  the  embryo  will  die.  Above  all,  the 
activity  of  the  circulatory  apparatus  must  be  preserved.  If  the  embryo  dies,  it 
is  either  expelled  from  the  uterus  together  with  the  membranes,  or  it  is  absorbed 
while  the  membranes  continue  for  a  time  their  development.  A  maUormed 
fcetus  cannot  sink  below  a  certairi  minimum  of  development  without  perishing 
at  an  early  period,  unless  maintained  as  a  sort  of  parasite  upon  another  foetus 
developing  at  the  same  time  (cf.^  157). 


§  140.  Single  malformations  may  conveniently  be  divided,  according 
to  the  sort  of  departure  which  characterizes  them,  into  five  groups. 

As  arrests  of  development,  or  monsters  due  to  defective  develop- 
ment, are  classed  all  those  malformations  in  which  the  whole  or  a  part 
of  the  body  is  abnormally  small  and  poorly  developed  {kt/jMplasia),  and 
also  the  malformations  characterized  by  absence  or  very  great  dwarfing 
{agenesia^  aplasia)  of  individual  organs  or  parts  of  the  body.  In  this  class 
belong  absence  of  the  brain  or  parts  of  it,  or  abnormal  smallness  of  the 
brain ;  defects  in  the  septa  of  the  heart ;  absence  and  dwarfing  of  the  ex- 
tremities, etc. 

Where  parts  of  the  body  or  organs  are  normally  fonned  by  the  union 
of  distinct  centres  of  development,  and  by  a  pi'imary  or  secondary  arrest 
of  development  this  union  fails  to  take  place,  arrests  of  development  may 
show  themselves  as  clefts  and  redupUcafwns.  Thus  imperfect  development 
of  the  plates  forming  the  anterior  body-wall  gives  rise  to  clefts  in  the 
median  line  of  the  thorax  and  abdomen ;  failure  of  the  maxillary  pro- 
cesses of  the  first  branchial  arch  to  unite  or  to  form  a  union  with  the  in- 
termaxillary process  gives  rise  to  clefts  in  the  facial  portion  of  the  head. 
If  the  lateral  halves  of  the  early  spinal  cord  fail  to  unite,  a  duj>lex  cord 
results.  Deficient  union  of  the  early  lateral  halves  of  the  female  genital 
tract  results  in  more  or  less  extensive  duplication  of  the  uterus  or  vagina. 

Where  at  an  early  stage  the  l>eginnings  of  two  organs  lie  in  proxim- 
ity, they  may  unite  so  as  to  produce  a  roahscettee  or  adhesion  between  two 
organs  or  parts  normally  distinct.  So  it  may  happen  that  the  kidneys  are 
more  or  less  united,  and  the  eyes  may  he  more  or  less  completely  merged 
into  a  single  organ.  Such  mergings  of  organs  arise  in  two  ways :  from 
secondary  union  of  divided  organs,  or  from  deficient  separation  of  two 
organs  which  develop  from  a  single  focus. 

Malformations  due  to  excessive  growth,  or  monsters  due  to  exces- 
sive development,  are  characterized  sometimes  by  the  ahnormal  size  of  in- 
dividual parts,  sometimes  by  mnlfi plication  of  tlieir  number.  An  extremity 
or  a  portion  of  a  finger  may  attain  an  abnormal  size  {partial  ffiant  gronih), 
or  the  whole  body  may  be  included  in  the  abnormal  growth  {general  tjiant 
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growth).  These  are  examples  of  increase  in  size  of  members.  A  multipli- 
cation of  the  number  of  parts  occurs  notably  in  the  glands  of  the  breast, 
the  spleen,  the  suprarenal  capsules,  and  the  fingei-s.  The  supernumerary 
organs  or  members  are  mostly  smaller  than  the  normal  ones. 

Malformations  occur,  also,  through  an  abnormal  disposition  of  parts 
{monsfra  per  fahricam  alienam).  Under  this  head  are  included  certain 
anomalies  of  the  thoracic  and  abdominal  organs  which  are  characterized 
by  abnormal  positions  of  the  organs,  and  also  in  part  by  the  changes  in 
relations  between  individual  parts.  In  this  class  belongs  the  transposi- 
tion of  the  organs  of  the  thorax  or  abdomen,  or  of  both  at  the  same  time 
{sittiit  transversus).  Various  cases  of  defective  formation  in  the  heart  and 
great  vascular  trunks  may  also  be  classed  here,  though  more  properly 
the  instances  of  transposition  of  the  vascular  trunks  should  be  reckonwl 
under  arrests  of  development. 

A  fourth  group  of  malformations  is  caused  by  the  presence  of  tis- 
sues in  unusual  situations  and  the  persistence  of  foetal  structures,  as 
already  spoken  of  in  §§  137  and  138. 

Finally,  a  fifth  group  includes  malformations  exhibiting  a  mixture 
of  the  sexual  characteristics,  subdivided  into  trtte  and  false  hermaphro- 
dites. True  hermaphrodites  jwssess  both  a  male  and  a  female  generative 
gland.  False  hermaphrodites  are  unisexual,  but  the  remainder  of  the 
sexual  apparatus  does  not  correspond  to  the  generative  gland,  or  there 
is  a  simultaneous  formation  of  organs  belonging  both  to  the  male  and  to 
the  female.  A  part  of  these  malformations  are  arrests  of  development ; 
others  are  to  be  regarded  as  cases  where  from  the  original  bisexual  em- 
bryonic formation  the  organs  of  both  sexes  have  attained  development, 
whereas  normally  the  structures  characteristic  of  one  sex,  instead  of  de- 
veloping, dwindle  away  and  persist  only  in  a  very  rudimentary  form. 

§  141.  Double  monsters  {moustra  dnplicia)  are  instances  of  a  duplica- 
tion of  the  whfile  body  or  of  parts  of  the  body.  The  twins  are  always 
of  the  same  sex,  and  ai-e  mostly  united  together  at  con*esponding  parts 
of  the  body.  The  duplicated  parts  exhil)it  sometimes  equal,  sometimes 
unequal  development;  in  the  latter  case  one  of  the  parts  is  dwarfed  and 
appears  as  a  parasitic  appendage  to  the  well-developed  individual.  This 
permits  a  subdivision  into  an  equal  and  an  unequal  form  of  double 
monster. 

According  to  the  older  theories,  double  monsters  arose  from  a  grow- 
ing together  of  two  embryos  in  the  uterus  (Meckel,  Gurlt,  Geoffroy-St. 
Hilaire).  It  was  indeed  supi)osed  that  where  there  were  two  separate 
and  distinct  eggs  the  membranes  might  disappear  at  the  point  of  contat't 
and  then  the  two  fcetuses  blend.     This  view  is  now  abandoned. 

All  donhle  monsters  come  from  a  single  egg,  and  develop  from  a  singk 
germinal  rfsicle. 

According  to  KoUikcr,  the  first  evidence  of  embr\^onic  development 
appears  as  a  white,  circular,  opmjne  spot,  the  embryonic  area.  The  ecUh 
denn  of  the  bilaminar  blastodermic  vesicle  becomes  thickened  by  enlarge- 
ment of  the  cells,  and  f(n*ms  this  embryonic  area.  Later,  the  embryonic 
area  takes  on  a  pyriform  shaj^e.  Its  ]>osterior  and  sharper  extremity  Ih*- 
comes  rounded  and  thickened  and  drawn  out  into  a  wedge-shaped  appen- 
dage. This  is  the  earliest  trace  of  the  primitive  streak,  and  consists  of  a 
thiekeniiiff  of  the  ectoderm  at  the  same  j>lace  where  the  mesoblast  is  also 
found,  and  spreads  itself  out  between  ectoderm  and  entoderm  over  the 
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embryonic  oroa.    After  tliP  primitive  stivnk  has  been  present 

[in  th*'  puilirvoiiif  invti,  tlie  TiuMitilliu-y  ^'oov*-  forms  in  front 

the  sanie  liitK'  the  eiiilirynnic  ami  iH'L-onifs  (liiTeruntiati'tl  into 

tirtioii  al)f>ut  tlie  medullfirv  fjroovf  aiul  an  *»ntt*r  Jati'rnl  por- 

various  jiai-tH  of  the  Ijody  arc  t'ormed  by  the  progressive  Ue- 

tof  these  t^vo  jnfrtiou*. 

views  of  the  oriiriu  of  double  monsters  may  be  entertained. 

vy  l>e  .supp<»sed  tlmt  two  enibryonie  areas  arise  in  the  wall  of 

lastodenni<'  vesi(de,  whirli  jfi*ow,  iniiiiuf^e  one  on  the  other,  and 

•  a  greater  or  less  extent.     A  seeoiul  po.^sibility  is  tlie  formation 

I  siujjfK'  ernltryonie  area  of  two  primitive  sti"eaks  and  two  me<lul- 

ooves,  whieh  either  remain  separate  or  pail-ially  inerg:e  one  into 

.     A  third  ease  would  hv  wlirre  the  jiriniitive  streak  wa«  Hingle, 

mednUar>'  ^i-oovi-  was  donljle  either  in  a  part  or  in  tiie  whole  of 

t'nt.     Finally,  it  nmy  )>e  tliat  a  dnpli4'ation  takes  plaee  at  a  later 

of  developrnt'nt,  and  then  affects  onls'  individual  pai-ta. 

all  of  till'  alMtve   possihh*  modes  i>f  duplication   llie  duplieation 

plar-e  by  a  double  f(>rniatio]i.  at  a  cei'taiu  staple  in  development,  (►f 

I  tliat  is  normally  siufj^lu.    In  tlin  first  instance  the  duplieation  dates 

le  iH-'riod  of  ft>rmnti<iii  of  the  enjbryonie  ai-ea  ;  iti  the  i-est  it  be^ns 

_     tlie  enibryonit'  area,    lu  the  lirst  three  instanet's  it  affects  the  strue- 

.•s  ilk  the  body-axis,  in  the  fourth  it  is  confined  to  such  as  do  not  He 

,ihe  body-axis. 

To  explain  the  fornmtion  of  double  nionst'Prs  it  is  essential  In  suppose 
duplieation  tif  parts  of  the  blastodcrruie  vesicle  or  of  the  embryonic 
ea.  Tlif  otdy  (juetition  is  how  fur  it  nmy  be  possible  for  a  difubliug 
it  has  alr''udy  taken  place  to  di.sappHar  by  a  subsequent  blendin(j:. 
lus,  if  there  livv  two  entirely  distinct  enibryonie  areas,  it  may  be  tuikrd 
lether  only  sepanite  lioniohi^ims  twins  can  arise,  or  whether  ii  nnTf^- 
ean  take  plaee  at  an  early  stage.  This  ([uestion  eiiiini»t  be  definitely 
settled  at  present.  There  is,  fiowever,  every  likelihuod  that  emVnyonifi 
areas  in  process  of  fonnatiou  may  merjje  one  into  another.  About  the 
causes  of  duplication  of  the  eniitryoiiie  elements  in  the  blastodermio 
vesicle  we  have  thus  far  no  knowledtje.  Accordinpr  t^i  Fol,  double  and 
multiple  mon.sters  arise  from  anoniHlons  inipreeiiatiou  of  the  ovum  by 
two,  three,  or  more  si)ermatozoa;  but  other  obstTvations  (Born)  tend  to 
show  tliat  ova  impi-egnateil  by  two  4>r  more  s|jermatozoa  do  not  develop 
at  :dl. 


The  views  of  the  authors  as  to  the  formation  of  douhlt-  monsters  vary 
greatly.  Some  (Forster,  Vircliow,  Oellaelier,  Ahlfeld,  and  Uerlacli)  advm'jite  the 
theory  of  a  (hvinion.  Others  (Schultze,  PHTium)  hnid  tlml  more  or  less  com- 
pletely divicled  elements  reunite.  Accordinjf  to  Kauber,  Iwo  or  tiu>re  primitive 
streaks  arise  in  one  embryonic  area,  and  later  come  in  contact  at  some  point  and 
mer^'  more  or  less  one  into  the  other.  This  is  oaltei!  the  theory  of  radiation. 
Mort^hand  holils  that  Kenei-nlly  two  «nibrvoni(!  grertns  are  formed,  and  that  they 
blend  toijjetber.  The  dujiticalion,  acconbn^  t-u  him,  is  referable  to  conditiima 
existinjr  Viefore  the  Iwjjinninp  of  the  medullary  pTO*>ve— that  is,  to  eondilions  cif 
the  ovum  itself,  or  of  its  impregnation,  by  which  there  are  preformed  two  distinct 
centres  for  the  formation  of  medullary  grooves. 

Bom  has  noted  that  those  lish  eg^  which  develop  into  double  formationB 
proiluce  a  nf>mial  and  sinurle  tu^l  furrow,  exactly  like  those  from  whieh  a  single 
embryo  springs.  Probably  the  si'coiid  furrow  runs  a«  it  doex  in  the  ordinary 
ejflfR.  As  in  the  ordinary  egg  the  Hrst  furrow  ilivides  the  gt^rminal  material 
into  a  riwht  and  a  left,  or  an  anterior  and  a  posterior  half  (Koux),  it  follows  that 
2:j 
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in  those  eags  destined  to  develop  into  doable  formations  the  first  division  mas*, 
have  anotner  si^ificance.  Prooably  a  full  half  of  the  qoalitdes  of  the  mother' 
germ  pass  in  congruent  arrangement  into  each  of  the  halves,  and  the  division  into 
right  and  left,  or  anterior  and  posterior,  does  not  take  place  until  the  second  ^vi- 
sion occurs.  In  most  of  the  double  monsters  among  the  fishes,  more  or  less  ol' 
the  posterior  portion  of  the  body  is  single ;  which  gives  color  to  the  theory  that 
between  the  two  plans  in  accordance  with  which  the  first  division  can  take 
place,  there  must  oe  something  like  an  intermediate  plan,  in  accordance  with 
which  one  part  of  the  nuclear  material  subdivides  in  a  congruent  manner,  whlie 
the  other  subdivides  differently. 

Eggs  which  show  a  primary  threefold  or  a  quadruple  division — in  which  prob- 
ably an  excessive  impregnation  has  taken  place — perish. 

In  recent  years  successful  experiments  nave  been  made  in  the  production  of 
double  monsters  from  the  e^s  of  animals.  They  were  conducted  by  Oerlach, 
0.  Schultze,  and  Bom.  Genach  produced  double  monsters  (anterior  duphca- 
tion)  from  hens^  eggs  by  varnishing  them  before  incubating,  and  leaving  only  a 
V-shaped  spot  in  the  re^on  of  the  primitive  streak  free.  Schultze  produced 
double  moosters  by  turning  &ogs'  e^s  through  an  angle  of  180°  (cf.  4  X39)- 
Bom  succeeded  in  uniting  together  portions  of  the  larvae  of  amphibia,  not  onlv 
of  the  same  kind,  but  also  of  different  species  and  families  (rana  esculenta  with 
bombinato  rigueus  and  with  triton).  From  all  these  experiments  the  conclasioo 
may  with  certainty  be  drawn  that  double  formations  may  be  produced  from  a 
normally  constituted  egg  through  secondary  influences,  and  that  neighboring 
embryonic  elements  may  merge  and  grow  one  into  the  other. 


II.  Special  Malformations  in  Man. 

1.  Arrests  of  Developtiient  in  a  Single  Individual. 
(a)  Arrest  in  the  Development  of  all  tJie  Embryonic  Elements, 

§  142.  Arrest  iu  the  development  of  all  the  embryonic  elements  mani- 
fests itself  in  two  ways.  If  the  distiirbauce  is  verj'  marked,  further  de- 
velopment becomes  impossible,  and  the  embrj-o  either  dies  at  once  or  it 
becomes  stunted  and  after  a  certain  time  perishes.  If  the  disturbance  is 
not  so  great  a  normally  formed  foetus  develops,  but  it  remains  small  and 
weakly. 

When  a  foetus  dies  it  remains  unchanged  only  for  a  short  time; 
sooner  or  later  it  undergoes  various  changes.  In  the  majority  of  cases  it 
is  expelled  from  the  uterus  along  with  its  membranes  (abortion).  In  tlie 
earliest  periods  of  development  the  embryo  may  disappear  by  absorp- 
tion. The  fate  of  the  membranes  in  this  case  varies.  Usually  they  are 
expelled ;  in  some  cases  they  remain  and  undergo  various  changes.  Most 
frequently  they  form  flesh-,  thrombus-,  or  blood-moles — fleshy  masses 
consisting  of  the  membranes  and  blood-clots.  The  clots  form  the  cliief 
bulk,  come  from  the  placenta  materna,  and  are  often  the  cause  of  the 
deatli  of  the  foetus. 

The  chorionic  villi  may  degenerate  in  a  peculiar  manner,  then  gifiw 
and  i)rodiice  club-shaped  and  globular,  bladder-like,  translucent  structiu^s 
(Fig.  279),  whicli  give  the  egg  the  appearance  of  a  bunch  of  grapes,  and 
furnisli  a  warrant  for  the  name  by  whicli  it  is  known — grape-cluster 
mole.  The  little  sacs  have  a  diameter  of  from  two  to  twelve  or  more 
millinu'tres,  and  hang  from  slender  stems,  which  are  attached  to  other 
sacs  or  directlvto  the  cliorioii.    Their  tissue  consists  of  mvxomatous  tis- 
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sue  with  few  ee)\»  and  fibres,  wliich  ar<'  sepiu'ated  >»y  gi-eater  or  less 
qiiNiitities  nf  iMueilnginous  fluid. 

The  dojitii  of  a  fa4iis  in  an  advau<'.ed  stage  tif  development  i*esidtp, 
pru\'idc<i  it  Iw  not  rxjuUcd,  in  the  formation  of  a  lithopaedion.  This 
occurs  most  frt^qiicntlv  in 
cases  of  extra-nterine  prej?- 
naiicv,  where  Ihe  tVetus  oe- 
(^upii's  an  ahnunual  site,  as 
in  the  jH'ritoneal  cavity,  in 
a  KiilhipirLU  tnlit*.  ar  in  an 
ovai*\'.  If  a  fuetus  so  plneed 
dies  at  sutOi  an  ndvanred 
state  of  devcloptiiciit  that 
it  eannot  be  iilisurUed,  it 
may  be  carried  in  the  ma 
terntd  orpinisni  for  years. 
Not  infnt]uently  its  form 
is  perfeetly  rHained  (Fig. 
28tn.  and  the  whole  fa'tns 
heconies  enslinunU'd  in  an 
envelope  of  connective  tis- 
sue. In  otlier  eases  tlie  fie- 
tns,  in  the  com*se  of  time, 
becomes  <'onvertetl  into  a 
partially  fluid  mass,  which 
contains  the  oss*m>us  re- 
mains, ns  well  as  fwt.  eho- 
lesterin,  and  pifjii*<'i**i  and  is  inclosed  in  a  fibrous  capsule.  Usually  lime- 
salts  are  dejMJsited  in  the  new-formed  <'apsule,  as  well  as  in  tJie  foetal  ele- 
ments that  remain. 

All  of  these  forms  ai>»  included  in  the  tcnn  lithopa*dion,  but  they  are 
KidMlivtded  iitidiT  three  IicjhIs  (Kiiehenmeister).  The  ftetns  may  b''  mum- 
niifled,  but  easily  shelled  out  from  ejdeilied  nicuibraues  {h'fhorcbjphoH). 
Or  the  fu-tus,  while  yet  alive,  may  become  adherent  at  a  number  of  points 
with  the  memVtmnes,  and  later  these  ])oints  become  calcified,  while  the 
remainiu|i  parts  iiuderp)  mummification  {liflwrehjphopifdion).  Or, apiin. 
the  ineinhraues  may  rujiture  and  the  ftttus  be  dis*diargcd  fi*ee  into  the 
pent-oneal  eavity,  and  later  Ifcconie  incrusted  with  lime-salts  {IHhoptFiihm 
in  the  narrower  sense). 

A  secnnd  form  of  genei*al  anvst  of  developnu'iit  shows  itself  in  dwarf- 
growth— rliat  is,  a  jjencral  diminution  in  the  size  of  the  iMidy  {mirfosomht 
or  nattosomh).  Sometimes  the  pro]n)rtion  between  individual  parts  is  m»t 
maintainecl.  luid  the  head  especially  is  soinetinies  disproportiunutely  large. 


Kio.  279.     Portion  of  a  mole,  piTseuting'  the 
fiirni  of  a  hunch  of  frrapos.    (Naturnl  sizt-.} 


Ac^'ordinR'  lo  ohserv-ntions  of  TTis,  an  emltrj'o  may  for  one  reason  or  Hnother 
come  to  a  staudstU!  in  its  d*fvelopment,  and  yet  be  retained  for  weeks  or  even 
months  in  ita  envelope's.  The  first  chaug«  that  takes  place  at  the  approach  of 
death  is  a  ffreat  swelling;  of  the  central  nervons  system,  which  lends  to  defor- 
mities of  the  head.  T-,ater,  tlie  tissues  become  infiltrated  with  wanderinfr  cells, 
which  make  the  boundaries  between  the  orfjans  vaffiie.  The  whole  embryo 
becomes  soft  tmd  dark,  and  the  siipei-flcial  eoufig-unition  of  the  body  nmy 
become  indijitiTict. 
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Kio.  28fl. — Foetus  entirely  inclosed  in  Hhrons  nit»niliraii»^.  (R«>n)Oved  fmni 
abdominal  cavity  by  operation  two  years  after  beeiTininfi:  of  pre^ancy.)  Extra- 
uterine preg'nancy  caused  by  embr>-o  breakiajy  tlirouK-h  uterine  end  of  a  Fallo- 
pian tube  into  abdominal  cavity.     (Reduced  one  thini.) 

(6)  Deficiettt  Closure  of  tUr  Cerfthmspinal  <^anal  and  the  Accompaittfing  Ma^OPM" 
fioun  of  the  NerrouH  System, 

§  143.  T1)o  spinal  column  ori^nutes  fnmi  bilat^*nil  halves,  and  it  ill 
only  by  tht"  union  of  these  thut  the  sj^inttl  emml  is  formed.  If  for  nas'\ 
reason  tliis  union  fails  to  take  place,  tJiere  arises  the  eondition  kuo^tti  tf 
rachischisis. 

Where  elosnn*  of  the  eanal  fails  throuphont  its  entire  lenpth  the  coU' 
dition  18  eiilletl  ntrhischittiH  fohilin  or  hoionuhisrhisis  (Fi^^.  281).    The  ver- 
tebiu*  fonn  a  shallow  furrow  posteriorly,  eoveivd  in  the  main  only  byij 
thin,  trnnspnrrnt  trn-nil»nine,  thoujirh  rarely  nidimentfi  of  the  s|>inal  cor 
may  show  as  whitish  bands  and  lines. 

The  delicate  envelojie  wlu<di  lies  in  the  furrow  and  covers  the  diinij 
nmter  linin^r  the  lioncs,  is  the  ventral  portion  of  the  pia  mater  spinali* 
In  rbe  lateral  portions  there  mny  usually  be  se^n  in  the  pia  whitish  ImuhI 
which  repivs<»nt  the  liifanicnlnni  dentietilatnm.  Mon-  or  less  rxtensi^i 
rudiments  of  the  uerw-roots  nruiy  have  fornird;  in  which  casi*  they  wil 
l>e  seen  lying  beneath  the  pia  and  dura  nialir     They  ai*e  in  trent-ral 


FlQ.  281. — Craniora(!liisolu><<isj  with  tutal  absence  of  the  brain  nnd  tqtimil 
oord.  The  skull  is  covered  by  irregrular  akiii'like  masses,  the  spinal  furrow 
with  a  delicate  envelope  (pin  mater).  Under  this  envelope,  in  the  lowest  portion 
of  the  sjiiua]  furrow,  a  few  whitish  lines  are  t^j  be  seen.  Kypho lordotic  bending 
and  shortening  of  the  apinoll  oolumn.     (Reduced  one  sixth,) 


well  niarknl  in  jiro[H»Hi(m  to  tlie  KiruMtfhtn'SHrttnl  Uiiiiiiessnf  tli**  pia  mater 
iind  the  piiucitv  of  spiiuil  (?(«*d  nuliiiieiiKs.  Of  the  iiraelinoid  there  are 
usnaUy  present  4iiily  senttored 
threa<ls  and  bits  *if  menibrajie 
spreml  init  between  the  pia  aud 
the  dura  inut^er. 

A  piirfitil  ntrhisf'hlais  {mtro- 
}'(irhLsrhiitiii)  is  far  more  fre- 
quent than  the  total  vanet\*, 
and  atfeet«  mostly  tiie  saen»- 
luinbar  or  !e«s  often  tfie  iijjper 
e^rvieal  portion  of  the  spine. 
The  interveniufif  portion  is  sel- 
dom affected.     Tlie  dorsal  sur- 


Fio.  282.— Rachischisis  par- 
tialis. (After  von  ReeklinRhau- 
seu.)  a.  Outer  skin  with  hairs;  h^ 
Spinal  cord,  laid  bare  by  dissec- 
tion; c.  Area  niedtillo-vasculofta; 
rf,  ('ranial,  d,,  tyiuflal  polar  fur- 
row ;  e,  Zona  epithelo- serosa ;  /, 
Zona  dormatiea  with  hairs;  ,9, 
Space  between  dura  luater  and 
pm;  K  Anterior,  Ai,  posterior 
nerve-routs;  t,  Ligaraentum  den- 
tioulatuni. 
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face  of  the  vertebral  Ixxlies  whose  ai-olies  have  ri«inaine<l  nnlimentar>*  is 
uiostly  covei-ed  hy  n  inassi  i)f  vdvoty  rt^l  tissue  (Fijf.  282,  r)  ( von  Roekliiij?- 
hausen)  closed  iu  hy  a  delicate  iutejfunieut;  thoTigh  the  aiuoniit  of  this 
tissue  may  be  very  small,  or  may  even  be  wautiny.  External  to  this  tissue- 
mass,  which  is  not  every  where  o(|imllyKbumliint.  and  wliii'ii  th-eivases  at  the 
sides,  eoiues  usually  a  delicate,  trauspiuvtit.vuseuliu-  skin  [Fijr.  282,e) ;  next, 
a  zone  of  skin  with  an  epidennis,  but  somewhat  tliimnr  tlitin  tlie  nnrniat 
skin,  and  often  benriiiy;  abundant  hairs  (Fig:.  282,  /  ] ;  then,  finally.  eumo« 
the  normal  skin. 

According  to  von  Reeklingbauseu,  the  soft  retl  tissue-mass  (r )  lying  in 
tlie  nie<liau  line  is  tlit*  mdiment  of  tlie  nuilforuird  spinal  cord,  and  is  au 
extremely  vascidar  tissue,  coutaiuiug  often  more  or  less  abundant  parts 
of  the  spinal  eord,  as  nei*ve.ftbres,  ganglion-cells,  and  glia-eells,  and  is 
theref*>reappi*opiiHtvly  culled  area  MfthtJkt-cfisrtflosn  (voii  Re4.'klingbausen), 

The  area  me<bdlo-vase»dosa  is  sometiuies  a  roiitinuous  tissue;  some- 
times it  is  scatteivd  in  patches  and  l>uu(ls.  aii<l  forms  only  a  delicate  web. 
The  crani»d  as  well  (is  tin*  caudal  cxtrciiiity  of  this  median  ai*ea  may  end 
in  a  distinct  tiUTow,  dtsiguated  respt'i-dvely  ;is  tUv  mniHti  and  the  ttiiithil 
polar  furroic  {Pohjyufjf — von  Keckliughauseu)  {(f,  (h)-  Ventndly  this  is 
next  to  the  spinal  cord  {h) :  in  lumlMtsneral  nichiscldsis  caudnlly  it  is  eon- 
ueeted  wilh  the  lilnm  tcrmiuale.  The  tegument  on  which  the  area  lies 
is  only  tlie  pia  mater,  wliich  also  continues  into  the  red  zone  s|>oken  of 
alxive  (e),  wliich,  beinpr  covered  also  with  ('pitbolium,  is  designated  as  the 
zouti  epithfh-sf'ro.sti  {you  Kecklinghauseu).  T!ie  prominent  zone  border- 
ing this  and  covenug  the  rudiuifuts  of  tlie  jmstorior  vertebi-al  arches  (/) 
is  fonncd  ttf  cutis  nnd  is  kfiown  as  the  zimii  fhrmufira. 

On  the  ventral  side  of  the  pia  muter  that  forms  the  covering  of  the 
defect  is  a  cavity  (/;),  boundrd  on  its  deeper  side  by  the  dura  mater  and 
the  external  layer  of  tlie  araelmoid ;  so  that  this  s]»ace  is  in  i-eality  the 
ventral  jiortion  of  the  subarachnoid  spiu'e.  and,  as  is  normal  with  thia 
si>a<'t'.  is  crossed  by  the  litramentum  denticulatum  (/)  and  the  nerve-ro<it.s 
(A,  ill),  which,  in  the  region  of  the  aiva  medullo-vascnlosa,  lose  themselves 
in  the  pia-like  tissue. 

The  origin  of  rafhisrhiitiii  is  ascribed  by  authors  to  various  causes: 
accumulation  of  fluid  within  the  vertebral  ranal :  pressure  from  without 
and  iufoUliug  uf  embn>iuii'  nIembnl^^*^:  and  faulty  sejjaration  Wtween 
the  neural  cunid  and  the  cpidL^rmal  layrr  of  the  skin.  According  to  vou 
R^H'klingliBUst^n,  the  fault  lies  in  amnesia  nr  hypoplasia  of  tlie  dorsal  rid^res 
from  which  the  vertebral  arches  aiv  to  l»e  formetl,  and  the  malfonuation 
of  the  spinal  cord  is  also  to  l*e  referred  to  the  earliest  embnouie  i)eriod, 
Ixdng  due  to  nn«]er-development  of  the  blastoderm.  The  defeeta  of  skin, 
nuiscles,  and  fascia?  ai*e  attributeii  to  the  same  cause. 

In  the  earUest  embryonic  period  the  niedullari'  gi*oove  is  formed  by  liie 
tluDwing^  up  on  either  side  of  the  medi&n  line  of  wall-like  eminences.  The 
neural  canal  is  formed  by  a  canvergini;:  growth  of  tLt'M:-  and  their  uniting 
[»4»st«*riorly.  The»f  maisses  of  i-ell!*  lying  by  the  side  of  the  canal  tlcvelop  into 
an  envelope  which  suiTounds  the  neural  <'anal  nnd  forms  at  first  a  niem)>rHiiouB 
and  not  articulated  vcrtetiral  column.  In  this  atiiie.  in  the  l>e>nnniutf  of  the 
second  month,  discrete  cartilages,  from  which  in  the  farther  coiurse  of  oerelop- 
nient  the  vertebral  bodien  and  arches  are  formwl.  while  ttetwwn  them  are  de\'i»l- 
oped  the  intervertebral  divks  and  Htranientj*.  The  cartilaginous  vertebrse 
not  complete  until  some  time  in  the  fourth  month,  and  until  thif*  lime  the  dorstal 
covering  of  the  neural  eanal  is  formed  by  the  mend>ran<ms  vertel>ral  oolamn. 
The  cartilaginous  vertebne  are  replaced  liy  bone  in  tht  course  of  development. 
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Tlie  spinal  eoni  and  (lie  l>raiu  htf  fnnued  from  tht?  medullarv  tube.  Tiie 
portion  that  is  to  f{»rin  tlu'  brain  clianKres  at  an  early  perioti  iiitrt  three  vesicleh. 
Tho  anterior  of  these,  the  forebraiii,  oevelops  laterally  the  eye-vesieles.  The 
miitdle  jxirtion  p^iws  forward  and  upwanl,  dividinj?  into  the  first  secondary 
vesicle  and  the  second  seeoudarj'  vesiele.  From  the  ilrst  secondary  vesicle  arise 
the  cerebral  heniUpfiereM,  tlie  corpttra  striata,,  the  por^ms  eallosum,  and  the  for- 
nix. Prom  the  second  8ec4mdary  vesiele  arise  the  optic  thalanii  and  the  floor  of 
the  third  ventricle.  The  middle  primary  vesicle,  or  midbrain,  forms  the  ooi-pora 
C|iiadri^mina,  uiiile  the  thiril  di^erentiatca  into  a  fourtli  and  a  tifth  sueondar}* 
vesicle,  from  which  are  developed  respectively  the  pons  aud  cerebellum,  ami  the 
medulla  oblongata. 

The  cerebral  portion  of  the  neural  canal  is  inclosed  in  the  prevertebral  plates 
of  the  head.  These  make  the  primordial  membninous  skull,  whose  basal  portions 
become  cartilage  in  the  second  month  of  fcetal  life.  In  the  third  month  the 
absal  cartilages  aud  also  the  membrauouB  vault  begin  to  ossify. 

§  144.  If  fluid  aceumulatea  in  tli*?  subaraehuoid  »]>ane  in  a  cttKff  of  par- 
tial niohiwhisia.  pi'ovided  the  pia  niat-er  is  intact  aud  does  not  allow  of 
its  escaj)e,  this  uieudiruiiH  is  nuule  to  protnule  p4)steri<>rly  in  the  form  of  u 
globular  tumor,  known  as  a  myelomeningocele  (Fig.  284).     Frequently 


Fio.  283.— Spina  bifida  sacralis.  (After  Froriep  and  Fni-ster.)  Girl  of  nine- 
teen years,  horn  with  a  tumor  the  size  of  a  pigeon's  ei;^  over  the  upper  sacral 
and  lower  lumbar  regions,  wliich  enlarged  from  the  sixth  year  on,  while  at  tlie 
same  time  club-feet  developed. 

these  eases  are  inrhuled  under  the  he»d  of  spina  bifida,  »  cliaracteriza- 
tion  in  general  use  for  all  those  eases  in  winch  a  hi-rniji-ltkc  tutnor  j>ro- 
jeets  tbr<ui;;ti  a  defect  in  the  veitebral  eatial  (Fig.  283).  In  hantiotiy  with 
its  mode  of  foruiatiou,  the  niyelnjrienin- 
g(M!ele  nniy  be  capped  by  tin  area  inedulln- 
va^jeiilosa  (Fig.  284,  e) ;  but  this  may  be 

Fia.  284.— Myclomeninarooele  saoralis  in 
sagittal  section,  a  Uttic  to  the  left  of  tlie  me- 
dian line.  (After  von  Kecklinghauseu.)  a. 
Skin;  fc,  Spmal  cord  ;  fci,  Coliunnof  the  conl ; 
c,  Area  medullo-vaacidosa ;  rf,  Cranial,  rfi, 
caudal  polar  groove ;  c,  Pia  mater:  /.  Arach- 
noid, wjiuewhat  separated  from  the  pia  ma- 
ter: /i.  Portion  of  the  pia  mater  turned  over; 
ff.  Dura  mater;  h,  R4'curn'nt  nii»t»  of  the 
ftmrth  lumbar  nerves  j  i,  Radix  anterior,  fi, 
radix  posterior  of  the  fifth  lumbar  neiTe, 
*-unning  free  in  the  arachnoid  sac ;  k,  Sacral 
»ierve-niot«  between  tlie  ai*achuoid  and  piaj 
/,  Filum  terminnle. 

♦-entirely  wanting,  or  ivduccd  to  little  scnttercd  patehcs  of  vasen 
*!Xhe  skin  of  the  neighborho<Kl  extends  frnni  the  sides  more  < 


asenlar  tisane. 
ir  less  ex- 
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tensively  on  to  the  walls  of  the  tumor.  The  dura  mater  is  never  present 
on  the  dorsal  portion  of  the  tumor.  By  the  elevation  of  the  defonned 
region  the  spinal  cord  (6)  is  pulled  outward  posteriorly  (61).  The  nene- 
roots  pass  in  part  through  the  cavity  of  the  sac  (i,  ti)^  in  part  they  are 
attached  to  its  wall,  and  run  there  between  the  pia  and  the  arachuoid. 
Occasionally,  also,  a  nerve  (A)  may  spring  from  the  column  of  the  cord 
as  it  courses  through  the  sac. 

In  virtue  of  the  fact  that  the  sac  is  formed  by  an  accumulation  of  fluid 
in  the  subarachnoid  space,  it  is  called  a  hydromeningocele  or  a  hydrorackis 
externa  circumscriptu  ;  but  inasmuch  as  the  spinal  cord  is  pressed  outward 
and  protrudes,  the  condition  is  also  spoken  of  as  a  myelocele^  and  it  is  cus- 
tomary to  designate  the  whole  condition  as  a  myelomeningocele. 

If  there  be  a  deficiency  of  the  bony  wall  of  the  vertebral  column  at 
some  point,  and  the  dura  mater  be  there  abnormally  yielding,  a  localized 
accumulation  of  fluid  in  the  subarachnoid  space  causes  a  more  or  less  ex- 
tensive hernial  bulging  into  the  neighboring  soft  parts,  which,  when  it 
attains  suflftcient  dimensions,  appears  in  the  form  of  a  sac.  If  the  spinal 
cord  takes  no  part  in  the  tumor  it  is  called  a  meningocele.  Like  the 
myelomeningocele,  it  is  most  commonly  found  in  the  sacral  region,  where 
defects  of  the  spinal  canal,  in  the  form  of  holes  and  clefts  in  the  verte- 
bral arches,  or  even  in  the  bodies  of  the  vertebi-fe,  occur  most  frequently. 
For  example,  it  is  not  rare  for  the  hiatus  sacralis  to  extend  up  to  the  third 
sacral  vertebra,  owing  to  a  broad  cleft  in  the  arch  of  the  fourth  saeral 
vertebra. 

Usually  the  sac  of  a  meningocele  protrudes  posteriorly  {meningocele pos- 
terior)j  and  may  either  be  concealed  in  the  soft  parts  {spina  bifida  occuUa) 
or  raise  the  skin  above  the  surface ;  but  instances  also  occur  where  the 
cysts  press  forward  into  the  pelvis  {meningocele  anterior). 

With  a  defect  in  the  wall  of  the  vertebral  canal  a  hernial  protrusion 
of  the  pia  mater  may  also  be  produced  by  a  dilatation  of  the  central  canal 
of  the  spinal  cord,  causing  a  larger  or  smaller  portion  of  the  spinal  conl. 
together  with  its  membranes,  to  assume  the  form  of  a  cystic  tumor,  called 
a  myelocystocele,  a  hydromyelocele,  or  also  (in  England)  a  syrimjotmjt- 
locflp. 

According  to  von  Recklinghausen,  the  wall  of  these  sacs  is  formed, 
in  the  main,  of  the  spinal  membranes,  but  is  lined  on  the  inner  siuface 
by  a  cylindrical  epithelium,  and  has  at  some  part  of  its  inner  surfa<^f  an 
area  meduUo-vasculosa — usually  on  the  ventral,  seldom  on  the  dorsal 
side.  CoiTespouding  with  this  condition,  the  nerve-roots,  if  they  arv 
j)resent,  spring  mostly  from  the  ventral,  seldom  from  the  dorsal  wall  of 
the  sac.     The  caWty  itself  is  crossed  neither  by  bands  nor  by  nerves. 

Myelocystoceles  occur,  in  the  majority  of  ca-ses,  in  conjunction  witli 
lateral  clefts  of  the  vertebral  canal,  and  have  a  tendency,  also,  to  Ix- 
combined  with  dfifccfs  and  asymmetries  of  the  bodies  of  the  vertebra',  lead- 
ing (it'ten  to  shortrning  of  the  trunk;  S(unetimes  aifecting  only  the  dorsal 
n^gion,  and  sometimes  in(Ouding  also  the  lumbar  region.  There  is  often, 
also,  ecstrojdiy  of  the  bladder,  intestine,  and  abdominal  cavity. 

Mjeloeystocelcs  are  mostly  covei*ed  only  by  the  outer  skin,  but  are 
sometimes  concealed  deep  down  in  the  soft  parts.  They  may  furthermore 
be  combined  with  meningoceles,  producing  myclocystomeningoceles. 

Von  Recklinghausen  holds  that,  in  the  j)r(>duetion  of  the  various 
forms  of  hernial  protrusion  of  the  4)ia  mater  from  the  vertebral  canal, 
the  primary  disturbances  are  always  the  local  defect  in  the  bony  verte- 
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bral  t*anal  uiid  the  ilt'tti^ieiit  (ieveloi>nierit  of  tlie  dura  mater,  which  latter 
is  often  eutiivly  wanting  at,  tlie  8eat  of  protrusion.  Taruiti  liclieves  tliat 
in  some  coses  the  cause  of  the  8]>ina  bitida  lies  in  a  vnsrtilar  hyperphisia 
of  the  primitive  eoi-d.  The  cyst«  pusli  up  from  some  distauee  below  the 
surfai^e,  and,  if  they  attain  siifli<Ment  sisse,  i*aise  the  skin.  In  rare  cases 
tlu'ir  top  may  reaeli  the  surfu<'e.  Smaller  ones  remain  burioil  in  mnselo 
anil  fat  ht^neatli  Ihe  faseiu  of  tlie  haek  {spina  hijida  orntUu,  cn/ptotnetO' 
rarfiisrhisit).  As  to  ihi*  orifj^iii  i»f  niyeloeystoceles  and  niyeloeystnmenin- 
goeeh's,  one  eaiuiot,  aiTordin^  to  von  l{e(kliug:liansen,  (UHeri^K*  as  :i  cause 
either  the  persistence  of  theconnei.'tion  between  the  neural  eanal  and  the 
epihhist,  or  an  interposition  of  fietal  nieinbi*anes  between  the  jwinii- 
tivc  fioni  and  the  epildawt,  or  an  exeessive  sti-etrhin^i:  of  the  in<'dnllary 
groove-wall  through  b*^nding  of  the  axis  of  the  embrj'o.  Ace*»rding  to 
liim,  the  myeloeyst^M-elr  is  a  deiieieiit  growtii  in  the  long  axis  of  t3je  vi-r- 
teiiral  robinin,  eharm-t^'rized  anatoniii'ftUy  by  shortness  of  tht*  eolunin, 
l>y  failing  of  vertebra!  or  ]H>rtio]is  nf  verU'hra*,  by  s^'parntion  of  Imny 
wedges  from  the  bodies  of  the  ve»*tebni'.  and  by  anilateral  defeets  in  tlie 
arehes.  Tin*  nn-diillary  tube  then,  pursuing  its  nonnal  development, 
Ijeeomes  toci  long  tor  t\n-  wricbral  canal,  and  eonsecjuently  undcrg^^es 
eurliug  or  kinking,  and  tliere  is  a  tendency  to  a  partial  pi*otnisi(m  ut  the 
}>oint  where  the  bend  is  sharpest.  Mandmnd,  on  the  other  hand,  holds 
that  this  hyp<>tln'sis  does  not  fit  all  i-ases:  and  AnioliI  ii\sn  Itelicves  that 
the  t'aiisal  relations  l)etween  arrests  of  development  in  the  mnsele-plates 
and  Vi-rtcbral  elements  (in  the  one  hiind,  mu\  (hose  of  the  neural  eanal 
on  the  other  baud,  are  not  eouHtant,  but  that  a  variety  of  disturbing  iu- 
ftuenci.'s  may  give  rise  to  one  or  ni'>re  i>f  these  anonndies. 

Wheif  the  pr<»tnision  shall  take  plm-e  depends  on  where  the  wall  of 
Ihe  spinal  eanal  is  yielding — i.e..  where  clefts  exist.  It  can  take  place 
posteriorly,  laterally,  or  anteriorly.  Most  fi*e<inently  the  jirotrnsion  lies 
posteriorly  and  at<me  side  of  the  median  line.  At  the  summit  of  the  sa<* 
one  membrane,  whidi  may  l>e  looked  upon  as  the  dura,  is  always  want- 
ing. The  growth  of  niyeloevKtie  and  meniiigocystie  sa<-s  is  to  Ix'  attrili- 
ut^Ml  to  congestive  and  intlfininiaton-  transudation.  Occasionally  marks 
of  iuHaniiriatory  change  are  f*iund,  cunsisting  in  thickenings  of  the  pia 
and  adheriMit  membranes  and  threads  in  the  interior  of  the  sju'. 

In  cases  of  ruehisehisis  there  is  nut  infi-tqUfiitly,  rte<*()r(ling  to  vou 
Keikliughausen.  a  division  of  the  spinal  cord  into  two  parts  {tfioskma- 
((iiutfclid},  usually  where  the  rachisi'hisis  is  tt»tnl — that  is,  where  generally 
only  rudiments  of  spiniU  cord  are  indicated.  Where  there  is  purtial  ra- 
i'hischisis  such  rinbnients  are  rarer ;  but  the  sepanite  eonls  are  more  fully 
developed, and  the  librnus  and  lx>ny euvelojies  mayat  the  beginning  and 
end  of  the  cleft  send  dividing  septa  bet  ween  them.  <'ases  oeeiu*  where  each 
conl-half  shows  an  U-shaped  area  nf  gray  matter.  Theduplieatictns  of  the 
cord  in  spina  latidaand  raehi.schisisarc  to  be  regarded  not  as  true  double 
formations  with  duplication  of  the  cord-substance  ;  they  rei»ivsent  oiUy  a 
divergem-e.  a  faulty  union  of  the  elementary  s\^nmet^'ical  cord-halves. 

In  rare  cases  there  is  duplication  of  the  central  canal  without  external 
division  of  the  cord  (Wa<rner.  Schiiiipel.  Pick). 

The  human  verlet>nd  fohnnii  ih  (Wiedersheim)  an  or^an  in  proeeas  of  retro- 
^rOBsion,  and  the  iielvic  girdle  is  proportionately  thrown  mto  prominence.  This 
18  evidenced  l»y  the  fact  that  eniDrj'os  of  0-10  mra.  in  length  have  thirty-eiglit 
vert«brfD,  while  in  the  adult  man  there  are  only  thirty- three  or  thirty-four. 
When  the  embryo  is  »ix  weeku  old  the  thiny-»ixth  to  ihe  thirty-eighth  vertebree 
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<M)alesce  into  a  single  muss,  In  which  tlie  thirty-fifth  also  joins  later.  According 
to  Ros^-ulrierg,  the  first  Maeral  vertebra  unites  with  tlie  sncnim  later  than  the 
rieconil,  ami  the  second  later  tlian  the  third.  As  development  hecomes  hlg-ht-r, 
therefore,  the  pelvis  Iweomes  more  prominent  aateriorfy  and  sacral  vertebno 
disa))pear.  The  number  of  the  latter  varies  between  four  and  five.  A  decrease  in 
the  number  of  lumbar  and  dorsal  vertebra)  is  not  rare,  and  eoalescencu  between 
tliem,  as  also  partial  defects  of  >  ertebrjp,  occur.  (On  increat*  of  the  uumber  of 
vertebrte  and  formation  of  a  tail,  see  4  153.) 

§  14").  The  cleft-fonimtioijs  aiitl  ht^rniHl  sae-fonnalifius  which  have 
been  de!*eribed  in  §  144  all  oiM'ur  in  I'on-esjirtndiug  forin.s  also,  in  the 
<ri)hHlie  portion  of  the  neural  eanal,  and  lead  tn  n  series  of  nialfomia. 
tions,  some  of  whieh  persist  in  post-em bryoiikr  life. 

In  the  most  exaijgerated  fonns  the  houy  portions  and  the  skin  of  the 
eraiiial  vault  an>  waiitinp  (Fij^.  2H1  aud  ^S'l),  ami  the  surfaet*  of  the  base 
ot  the  skull  is  eoveivd  nuly  hy  a  teu^unientary  layer  of  vaseidar.  spongy 
tissue,  usually  eontaininj;  seattered  litenioiTha^'s,  and  beneath  whinh  then* 
may  be  nxdinnnits  of  l»ruin-substaiu'e.  Modifying  tbn  term  nsed  in  ni- 
ehischisis  to  suit  the  condition  tm  fouud  here,  we  may  call  thitt  tiHSue 
the  areti  cefibro-vusrHlosti. 


Fig.  -jse. 
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Fiu.  285.— Aneut'«phalia   et   acrania. 
<Roduced  one  half.) 

Fig.  286.— Cranioschiais  with  euccpha- 
li«neniQg:oc«»l«. 


The  elef t-f ormntion  may  be  oonflued  to  the  eranial  vanlt,  but  fre4|ueiitly 
it  inelndes  vertebral  nirhes  as  well  (Fig.  281),  and  extends  to  a  greater  or 

less  distaiiee  down  the  baek. 

The  defic'ieni'V  in  the  i^ranial  vault  is  ealli'd  acrania  nnd  cranioschisis, 
and  when  i'umbined  witli  a  vertebral  eleft  it  is  ejilh-d  craniorachischisis. 

In  this  latter  eomlition  the  vertebral  eohnnn  is  usually  stunted  niol 
bent  s(>  that  the  head  is  drawn  sbai'ply  baekward  and  the  hwe  turned 
npward  (Firr,  281).  In  these  uialfonnations  tlu"  slunttni  development  of 
the  forehead,  and  the  j^reat  promineuee  of  the  eye  resulting  therefrom, 
give  the  appearanee  of  a  frojf's  head  {frtHfOitus). 

The  ahuonnalities  in  the  in«Uvidual  bones  of  the  erauiuni  aiv  by  no 
means  always  the  same ;  and  between  ea^'s  where  tiie  tirauial  vanlt  and 
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Willis  iuv  fiitiivly  wanting'  ami  fftwes  <»f  microcephalus,  wlu^rc  Uu»  vault 
is  pro]>erly  i'los<Hl,  but  thr  rruiiium  abiionimlly  sinall,  tlieiv  ai-e  the  moHt 
various  iiiteTnu'<liatt'  pnulations  (Fijjs.  2.'S.">  ninl  2S7).  Similarly  the  braiii- 
Jiubstaiit^e  pi-esent  varit-s  in  amount  rtu*!  in  the  extent  to  which  it  has 
T*eaelied  development  int*j  reeo^niKaljle  pitrtiouHof  bniin,  'If  there  is  no 
niii'r4)scv>|>ieally  reeojrniz»bIe  ]iortion  t>f  braiu-siibstunee  pi-eseut  the  case 
is  L'Hlleil  one  of  total  anencephalia ;  where  the  tlefieieney  is  only  partial 
it  is  calleti  partial 
anencephalia.  If  the 
riKliiiient  of  brain  is 
small,  Hud  eontined  tu 
the  piisterior  [HJi'tions 
whii'li  ari'  inclosed  in 
the  cen-iuiil  vert<*hnv, 
it  is  also  t'rtHed  dc- 
rencephalia. 

Kio.  2S7.— Partial 
afj^eueftia  of  the  bones  of 
tlie  entiiiuni  in  aueuce- 
phalia.  fl,  l>efert  ;  /», 
Occipital  portion  of 
skull;  c,  Parietal  bone; 
d,  FroDtttl  bune.  I  Re- 
duced one  fifth,) 

The  tepninient  covering;  the  }>a<H  of  the  sknll  is  ofteu  only  a  mass  of 
S]H)npy  tiHsne  iif  slight  or  moderate  thickness.  Hot  sometimes  saes  (Fi^. 
275.  tf,  and  Fi|r.  -^i>)  pnttnulf  fmiti  the  ()|ieuiuy:  lx4«'een  the  rudirneMtiiry 
jmrietal  luid  the  oeeiput  nr  ihe  fnintal  Imne  (Fi^.  287,  «,  6,  ^,  ti),  emisistinif 
of  a  vascular  oonneetive  tissue  eontaining"  eyslie  oa\ities  and  oee^isioually 
iilso  rudiments  <»f  brain-sul>staiiee.  Sacs  which  r-nntain  only  meninjfen 
with  evst,s  are  ealled  m^niufjocehs  ;  th(*ye  containing  also  hraiii-substuni-e 
are  ealled  eurvithihrnifuintjovi'lps  (cf.  §  14()1. 

Oe<tttroy-St.  Ililuire.  Forster.  ami  Paimin  rejjard  aci-auia  and  auen- 
eephalia  hj*  due  to  an  abnormal  accumulation  id*  fluid  in  the  ecrelu*al  vesi- 
cles— a  hijtiroiipfmhtff — occuiriujr  befoiv  the  fourth  ftelnl  month.  Darest« 
and  Perls  t>]iiM»se  this  view,  dmwinjf  nlleuMnu  to  the  I'ircuuistuncc  that. 
in  acrania  the  base  of  the  skull  is  mostly  aivhed  iuward  and  not  jiressed 
outward,  and  seek  for  the  eause  of  this  eonditioii  iu  a  pressure  aetiii^  on  the 
Hkull  from  withtjtit  (Perls)  ami  exerted  by  the  eejthalie  cup  of  the  amnion, 
lyinjj  stiu^rly  ajraiiist  theeephalie  bend  and  hinderinir  the  developmefit  of 
the  crainum.  LebiMlrff  Irmks  for  the  cause  of  acrania  in  an  nbuonnnlly 
sharp  eurvatniv  nf  the  biMjy  4if  tfif  HUibryo,  oecurnng:  where  the  ce|iliabc 
end  of  the  eMibrm  has  chmtraled  abntU'iuHlly.  or  the  eejdmlic  envelope 
has  lapsed  ludiind  iu  development. 

Through  the  sluirp  curvature  the  elian^e  of  the  niedidlary  plate  into 
the  neural  eanal  is  supposed  U*  be  prevented,  or  the  ahvady  formed  eanal 
to  \te  destn>yed  again.  Tht.s  wouhl  explaiti  the  absence,  later,  of  the 
brain,  together  with  its  niendtninous  and  Ixtny  eoverin^^.  Lebedetf  sup- 
[Mises  the  eystie  fornuitions  wliieb  arc  found  lyintr  on  the  base  of  the  sknll 
to  res\dt  from  folds  of  the  medullary  plate  which  become  sunk  iu  the 
mesoderm  and  then  snared  otf. 

It  is  vt'vy  likely  that  aei-auia  is  not  always  due  to  a  single  cause;  and 
while  in  ime  ease  the  inttnenees  brought  forward  by  Perls  and  Lebedeff, 
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or  a<Uiesions  t<>  ttir  infiiiliraiU's  (Fip:.  STri),  may  Imvc  clu'cked  the  dev^-l- 
opinent  of  rraiiinin  ami  Vn'aiij,  yet  in  othfr  iiistAnces  the  malfonimtiuii 
must  proljably  hv  tt»erilw<l  to  a  pi'iiiiuiT  ageiiesJH  alrt'iwly  detvnumeit  in 
the  genu. 

§  146.  Where  the  crauium  is  iu  general  jiroperly  ('h»st'd,  V»ut  present^s 
partial  deficiencies,  portions  of  the  cranial  eout^nts  may  pnttnide  in 
tin-  t'oi'ni  of  a  heniinl  sac,  iiiid  it  is  henee  spokt^n  of  as  a  hernia  cerebri  or 
cephalocele  [Kijr.  2HS).  DetVut.s  of  ossification  (Acktrmana).  or  delicient 
rcsistancL'  of  the  menibriinous  cranial  envelope,  are  tloubtless  usually 
the  primary  cauw ;  lnit  adJiesions  of  the  meninges  with  the  amnion  (St. 
Hilaii*e)  may  «Jbo  be  a  cause. 

The  size  of  the  proti'udinfr  siw  varies  givatly.  It  may  be  so  small  »» 
to  lie  found  only  by  eareful  exnmiuation,  or  it  may  be  so  larpe  as  to  ap- 
proach the  bi-ain  in  volume.  Whei'e  aeeunnilation  of  fluid  in  the  sub- 
aroehnoid  spaee  has  ennse<l  only  tlie  arnelinoid  aiul  pia  to  iir<)trude^  the 
tumor  is  a  ineninjfocele;  where  brain-snbstain'e  iilsit  protrudfs,  it  is  a 
menlngo-encephalocele.  A  pM»trusiou  <it  liraiii-siibstHm-e  and  pia  with- 
<mt  aeeumuhition  <it"  tluid  is  eidled  an  encephalocele ;  if  the  jtrotrudinp 
hraiii-sulistanee  eoiitains  part  of  a  ventriele  filled  with  fluid  it  is  called  a 
hydrencephalocele. 

These  bniiu-hei-nias  npjiear  mostly  iu  the  oeeipit^d  region  {hft^nta  ortrip- 
iifilis)  elose  rtboVf  the  foramen  iim^jnum  (Ki^.  2HH),  at  the  root  of  th<» 
nose,  and  at  tlie  lower  end  of  the  frontal  sutur**  {ittn\ut  syucipHalis) ;  luit 
they  oeeur  also  in  the  re(ijri(»n  c)f  the  temple,  at  the  base  of  the  skull,  in 
the  orbital  fissure,  and  elsewhere. 

Marked  stnntintr  in  the  deveU^pnR'n^  of  tlte  anlerictr  of  tlie  tlnve  eere- 
brid  vesicles  may  leavt-  tlie  I'erebnnu  single  (St.  Hilaire's  njclenrfpUaUa  or 
ctfi'ltirt'pholh),  while  at  thn  same  time  a  dcHicient  separation  of  the  <»eular 
vesieh's  takes  plaee.  Where  the  Ktuntin^  is  very  marked,  only  a  siu||;le 
eye  may  be  formed  in  the  middle  of  tlie  foreliead,  or  then*  may  be  two 


Fig.  288. 


Fig.  289. 


Tig.  288.-IIvar*Mice- 
phalocele  oceipitalis. 

Fw.  289.  — Synophth- 
almia or  cyclopia. 
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united  totjether  and  lying  in  a  siutrh'  orbit  (Fij;.  2S9) ;  and  this  malfor- 
mation is  eiiKed  cyclopia  or  synophthalmia,  anil  arrhinencephalia  (Kuii- 

drat).    The  nose  is  also  stunted,  and  present  only  as  a  eut^ineous  tag  at- 
tached above  the  f-ye  and  (}rvt)id  of  Jiony  fc»un'hiti<»n  (fthntfx'rphnha). 

Where  the  eyes  are  separate,  yet  abnormally  elose  tojjether,  the  noso 
in  general  may  be  normal.  Ijut  at  the  root  it  is  vciy  small  {rfiMjrrphalio), 
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In  the  severer  forms  of  tlie  malformation  the  etJimoid  and  the  ua^ 
septum  may  l>e  wanting,  and  the  nppf  r  lip  and  palate  eleft  in  the  median 
line,  or  lat-erally  on  one  or  on 
both  sides  {Kundrat).  Jn  the 
milder  forms  the  forehead  is 
merely  i-edueed  iu  size  and 
pointed  like  a  wedjje. 

Fio.  290.— Cranial  cavity  of 
a  synophtliahnua  mierosloiiiu» 
opened  by  a  fmiital  section 
(^•iewed  from  behind),  a,  Sldn 
and  subcutaneoii.s  tissue;  fr.  Cra- 
nial vault ;  c,  Diii-n  mater;  (/.Ten- 
torium; ?,  Aj-athnoid;  /,  Poste- 
rior 8«rfaf«  of  the  cernbruni, 
consUting  meiflv  of  n  tliin- walled 
sac  covered  wim  pia  mater;  ff, 
Tuinified  bonier  or  the  cerebral 
sac :  A,  Subarachnoid  space  be- 
hina  the  cerebral  «u*;  i,  CaWty 
of  tlie  cerebral  «ie,  i-orrimunicat- 
ing  witl]  the  Huhnracliuoid  spacet 
by  the  eiilar^red  transverse  fis- 
sure; k,  Section  tln-ough  the  cor- 
poi*a  nuudri§remiua ;  /,  Section 
through  the  cerebellutti ;  in,  The 
atlas.     (Four-llf(hs  natural  aize.) 


\^ 


In  the  st^vepest  grades  of  tliese  maltonuations  the  rerebnim  consists 
of  a  sae  (Fi^.  290,  *)  fieeupyiug  more  or  less  of  the  cranial  cavity  and  fiUi^-d 
with  fi  clear  fluid ;  where  the  sac  d<jes  not  lie  against  the  criinial  wall  the 
intervening  spm'eis  tiiken  up  bv  tlnid  distending  the  subnnicbiioid  space 
l/i).  In  milder  instances  only  intHvidnal  p<hrtions  of  the  brain  are  want- 
ing in  develMpmeiit.  tlr'jsi-  iihisfly  ntfiM'ted  licing  the  olfactory  nerve  and 
olfactory  bulb,  tite  eoqms  eaUusum,  a  part  of  the  conv*dutions,  et-c.  The 
optic  thalami  are  id'teu  blended  together.  Tlie  ebiasma  and  optie  traet« 
may  be  cither  wanting  or  present.  The  corpora  quadrigemina  {k),  the 
pons,  the  medulla  oblongata,  and  the  oerebellnin  (/J  are  usually  unaffected. 


(c)  MalformatitmJt  nf  the  Faux  and  Netk* 

§  147.  The  development  of  the  face  is  sulijci-t  not  infre4juently  to  dis- 
turbanueH  leatiing  Uy  more  or  b'ss  marked  malfonnalious,  which  may  a]>- 
pear  alone  or  >>e  combined  with  malformations  of  tlic  cranial  pf>rtion  of 
the  heail.  Where  the  frontal  process  and  the  maxillary  piTH'esses  of  the 
first  branchial  ureh  remain  in  iin  <'ntircly  nidiineiilavy  state,  or  are  more 
or  less  comjiletely  destroyed  by  ]Mitbologieal  processes,  there  is  present 
at  the  fiit<?  where  tlie  face  siiould  be  merely  a  surface  or  eleft  (aprosopia 
and  schistoprosopia),  wliieh  may  or  may  not  be  combined  with  nndfor- 
mations  of  the  nose  and  eyis. 

Hut  Mirtre  fretpu'iit  than  llicse  large  defects  are  smaller  clefts  involv- 
ing the  lip.  the  alveolar  process  of  the  upper  jaw,  the  upper  jaw  itself, 
and  the  hanl  an<l  soft  palat<^s  (chello-jcnatno-palatoschisis).  Tliis  mal- 
formation establishes  a  coniuinuicat  ion  iM'tween  the  mouth  and  the  nasal 
cavity  (Fig.  291).     The  liai-d  palate,  where  it  abuts  against  the  vomer,  in 
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cleft  in  the  median  line  where  it  meets  the  soft  palate.  lu  the  alveolar  ]>ro- 
cess  of  the  upiKT  jaw  the  cU-ft  runs  Vtotwcen  the  eye-tor)th  nnd  tlic  latA'ral 
ineisor.  or  hetwecn  the  latrral  iiml  centnil  incisors.  Tht'  iiialfunimtioii 
may  Ite  bOateral  (Fijr.  291)  or  iiniJateral.  priniarv  and  lu'reditary  or  see- 
ondarily  acquired,  one  of  the  causes  of  the  latter  euuditiou  being  anjni- 
otie  adhesions  (Fig.  276). 

Pret|uently  the  eleft  involves  only  speeial  portions  of  the  region  above 
mentioned,  as  the  tipper  lip  {futrfli/i,  hibhtm  hpurimnti).  ur,  what  is  rarer, 
only  the  hanl  or  only  the  soft  jialate.  The  mildest  deprree  is  indieated 
by  a  notch  or  a  rivufriciul  line  in  the  lip,  or  by  a  bifnrrtitiuii  of  the  urHla. 


Fig.  201. 


Fijr.  292. 
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Fio.  291.— liouble  cheilo- 

gaatho-puIaiOM'hixiR. 

Fig.  292.— ApiHthia    and 
synotia  (Guardan). 


Prosoposchtsis  [Fi^r.  27(i,  i)  is  the  term  applied  t^j  a  cleft  running 
obliquely  from  the  mouth  fo  an  orbit.  It  is  usually  associated  with  nial- 
fonuatioiis  of  the  liraiu.  Moriau  (Hslingiiishes  three  varieties.  The  first 
comnienees  an  the  ujuht  lip  tus  a  harelip,  passes  into  the  nostril,  thenee 
iiiviund  the  ala  nasi  ti>wai'd  the  orbit,  and  may  extend  even  )>eyond  the 
tirbit.  The  neeoml  vurifty  bejfius  likewise  in  the  rej^iou  of  a  harelip,  but 
extends  outward  from  the  nose  towanl  the  (trial.  The  thir<l  variety  ex- 
tends fiimt  the  eonier  of  tlie  month  ontwiutl  thmujrh  the  eheek  towanl 
the  cauthus  of  the  e3'e,  and  divides  the  superiia-  maxilhiry  prtM»ir8S  exter- 
nally to  the  canine  tooth.  A  /rfinnvfrife  rfe/t  of  the  cheek  slUo  occurs,  eoui's- 
iug  from  the  corner  of  the  mouth  toward  the  temporal  region. 

Median  facial  clefts  also  occur,  and  may  involve  the  nose  and  upper 
jaw,  and  idso  the  lower  jaw,  or  even  extend  ay  far  down  as  the  sternum. 
With  this  malformation  the  tongrne  may  also  Uc  ele^ft  (Wiilfler). 

All  of  tlie  above-ih'scribed  clefts  may  lx>  eontim^l  to  snudl  portions  of 
the  repions  mentioned,  and  may  also  attain  varituis  depths. 

Where  the  inferior  maxillarN'  pn^eesR  of  the  first  branehia!  an-h  is 
tardy  in  its  development,  the  inferior  maxilla  Inn'omes  also  im{>erfeetly 
developed,  and  may  he  entirely  wanting,  produi'iug  the  nnilfomiations 
known  as  brachygnathia  and  agnathia  (Fig.  292).  and  the  appearance 
presented  is  as  if  the  lower  half  of  thi'  faee  had  been  eut  away;  the  eara 
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are  sometimes  so  close  to  each  other  ai$  to  touch  {fttfuutiu).     Usually  the 
fciU{>crior  iimxillHry  proreRics  nrc  also  ijnjjerfectly  Ueveloped,  aud  frc- 

qitcutly  the  em*  is  misshajH'U. 

Malfnnmitions  of  the  mouth,  as  ahuunually  lur^c  size  [martostomiit)^ 
jthnonnuUy  small  t<izo  (miV'rfts7rtmm),  clostire  {aff'sut  (►W;*),  antl  dnjilii-atuiu 
[(listomiu)^  are  all  rare. 

Wheit;  the  enibryouic  external  braucliiai  clefts  or  iut(.*ntal  hraucbial 
pockets  fail  in  part  to  close,  fistidie  opening  either  exteinally  or  inter- 
nally, (ir  eloj;ed  eysts,  remain.  The  furmer  cdtiditinn  is  railed  fistula  colli 
congenita.  Tlie  mouths  of  the  externul  fistula'  uiv  y-euendly  foinid  at 
the  side  of  Uie  neck,  inoi'e  n»re]y  iippnuu-hiii^'',  or  nctually  in,  the  median 
line;  thow*  of  tbe  int*>nnd  fistula'  *i|ieii  into  the  pharynx,  tmcliea,  or 
larynx.  Fi-eiiueutly  slight  remains  of  tlie  hram-iiiul  poekets  form  merely 
divertieula  Iff  the  latter  oi-gun.s.  The  fistidiu  are  mostly  eh>thed  with  a 
mtu*(Mis  epithelium,  sometimes  ciliated,  orijirinatinji,  therefore,  frt»m  the 
vL8eeml  branetu?d  poeketj^ — according  t4>  von Kostaneeki  aud  vou  Mieleeki. 
tiui^tly  from  the  second.  In  rare  eases  a  complete  branchial  fistula  is 
found,  having  both  an  exteninl  and  an  intA-rmd  ojM'ning. 

The  branchial  cysts  whieli  arisi-  from  tjie  bramOiial  pockets  are  some- 
times clothed  with  murous  menihrant!  (ciUated  epithelium),  are  filled  with 
tluid,  and  ivceive  the  ujtine  nf  hifth-ortft-  colli  cuitijntitu  ;  sometimes  they  are 
lined  with  au  ei)idcrmid  Cfiveriny.  eontnin  masses  of  epidermal  cells,  and 
ai-e  then'fore  ivckoncd  anioug  Xh*'  ttthttoHnita  aud  iUriuoid  rt/.sts.  An-est,s 
in  develifpment  of  the  anterior  end  of  the  limnchial  arch  (nuesobranchial 
field)  and  in  the  iv^rion  of  the  third  branchial  pocket  (the  site  of  origin 
<tf  the  thymus)  and  branchial  eleft  nuiyleiul  to  the  foruuition  of  det-ntoith 
in  the  suhtHfutftl  rf-gion,  (ft  th*  t'imt  of  ihr  tomjHf,  mid  in  fhf  m^duiitthiUM. 


The  face  and  neck  are  developed  iu  piirt  fix-m  a  single  embiyonic  rudiuient, 
in  part  from  paired  rudimcnla.  The  latter  are  rei-irescutcd  in  the  branchial  or 
viHcend  arehcH  a:rowing  from  the  lateral  portions  of  the  base  of  the  skull  ven- 
Inilly  in  the  pnniitive  throat-wall.  The  single  rudiment,  ealled  the  frontal 
process,  i»  a  prolongation  downward  of  the  base  and  vnult  i^f  the  pkidl,  and  is, 
HI  fa«?t,  the  anterior  end  of  the  skidl.  Between  tbe  iadividunl  brttuehial  arches 
there  are  at  a  certain  period  cleft-like  depressions  or  brsinchial  pockets. 

The  frontal  pr*>ces.s  and  the  Hrst  brancnial  arch  fonn  the  borders  of  the  great 
primitive  month,  wliioh  lias  a  diamond  sha]>e.  In  the  <*o»u-se  of  development 
the  tirst-  bninchial  arch  sends  out  two  pna't'sses,  of  which  the  whorter  apphea 
itself  to  the  nuder  surface  of  the  forehead  ami  forms  tlie  ijp[>er  jaw,  while  from 
the  lower  and  ionijer  one  the  lower  jaw  develoi^s.  The  frontal  process,  which 
forms  the  anterior  horder  of  the  mouth,  prodnees  a  wide  and  lonj;!'  forehead  and 
then  pushes  on  two  lateral  processes,  called  lateral  nasal  processes.  By  further 
differentiation  of  the  eontral  portion  of  the  frontal  prm-ess  the  septum  narium 
is  formed,  which,  by  means  ol*  two  spurs  calleti  the  inner  nasid  prtR'^esiies,  pro- 
ducer the  bonlera  of  the  norttril  and  the  na^d  furrow.  Thr-  lateral  nasal 
processes  are  the  latentl  portions  of  the  skid],  and  develop  within  ihemselves  later 
the  etlinioid  lalj>Tinth,  the  cartila^nous  roof,  and  the  sides  *ff  the  anterior  por- 
tion of  the  nares.  At  a  certain  sta^e  they  form  with  tho  superior  maxillary 
proeOKs  a  fissure  nuimnpf  from  the  nasal  farrow  to  the  oye«  and  cnlled  the  lach- 
rymal fissure. 

The  mouth  is  at  first  simply  a  great  cavern,  but  is  soon  sulidivided  into  a 
lower  and  larper  difcestive  and  an  upper  and  smaller  respiratory  portion.  This 
is  done  by  the  development,  frtim  the  superior  maxilhiry  processes  of  the  tlrst 
branchial  arch.  i»f  the  plates  which  are  to  form  the  palate,  and  which  begin  in 
the  eig-hth  week  to  nnite  with  one  another  and  also  with  the  lower  ed^  of  the 
musal  septum.  The  union  of  these  lateral  platea  to  form  the  palate  begins  ante- 
riorly and  protfTCBses  backward. 
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The  union  of  the  conti^ous  surfaces  of  the  froutal  and  nasal  processes  witJi 
the  superior  luaxillBry  processes  fonua  tlw  cheek  nncl  u  continuous  superior 
maxillarv  V»or(ier,  from  wOiich  are  developed  later  the  lip  and  the  alveolar  process 
of  the  uppt-r  jaw-bone  and  the  iuLennuxillury  boneri,  while  the  nose  develops 
from  the  Inmtal  pn>e(!K8.  The  intermaxillacv  hones  are  formed  a«  two  entirely 
distinct  symmetrical  bones,  hut  unite  early  one  with  the  other,  and  both  with  the 
upper  jaw-bones. 


(d)  FauUy  Closure  of  the  Abdominal  and  Thoracic  CamtieSf  and  the  Accompanyinff 

Malformatiitnft, 

§  148.  Tli(?  noustruetion  of  the  body-ftjrni  from  the  flat  embryonic  lay- 
«r8  begins  by  a  Turning  over  ami  ilrawin^  to^i^tlier  of  the  layers  at  the 
periphery  of  thf  embryniiie  area,  so  tliat  they  ln'come  transformed  int^ 
two  lubes,  one  of  which  is  tlie  abdnniiiiMl  wall,  the  other  the  alimentAry 
<!anal  (Hertwiff). 

The  infolding  of  these  layers  takes  place  at  the  cephalic  and  caudal 
cuds  as  well  as  at  the  sides  ;  aud  as  these  folds  approjW-4i  one  another  from 
all  directions,  those  wliirh  art^  tii  fonn  the  abdominal  wall  produce  a  tube 
whose  iuterii»r  ftually  connuunicates  only  at  the  parietal  iiiubilicus,  by 
means  of  a  tubular  ]>r(.tlonpition,  with  the  ravity  of  the  extra-embi-yonic 
portion  of  the  blastodermic  nientbranc.  Wliile  t-hos4^  lateral  and  ventral 
walln  of  the  i-tnbryo  are  lieing  thus  fiirmcil,  within  the  body  the  intes- 

ttnid  furrowelttses  to  form 
a  tnhe  which  is  in  com- 
munication at  oidy  one 
point — namely,  at  the  vis- 
ceral umbilicus  (witliin 
the  above-mentioMr*d  com- 
inunicAtionof  the  abdom- 
inal ea\*ity) — with  the 
ea\nty  of  the  umbilical 
.vesicle,  the  channel  be- 
tween the  two  beiuK  ciUled 
the  omphalonn-Kentorie 
duct. 

The  omphalomesen- 
teric duet  becomes  oblit- 
erated in  the  Bixtli  week. 
The  complete  closure  of 
the  abdominal  cavity  fol- 
lows in  the  eighth  week. 
Arrests  tif  develop, 
ment  in  the  formation  of 
the  abdominal  wall  iimy 
take  place  at  various 
points  and  be  more  or 
less  marked.  They  an? 
most  frequent  in  the  re- 
gi(vn  of  the  umbilicus, 
where  the  <'Iosure  is  latest. 
Whore  faulty  develop- 
(Two-  lueut  of  tlie  abdominal 
wall  at  tluH  point. — leav- 
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Flo.  293.— Hernia  funiculi  umbilic&lis. 
thirds  uornial  size.) 
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iug  the  iUMUmiiiiHl  cavity  closed  over  a  {frpater  or  less  ar  a  only  liy  jwri- 
tonnim  mid  tbe  (covering  of  tlir  unil)ilieal  cord  (the  anuiiuii) — gives  rise 
to  lirniial  protrusion  ovov  this  nn-ii  (Fifr,  293),  thr  4-i»nditif»n  is  4*ii]Iod 
omphahtcele,  hernia  funiculi  umbilicalis,  or  umbilical  hernia.  Tlie 
i-emnaiit  of  tiie  conl  is  situaletl  either  on  the  summit  of  the  pi'otriisiou 
or  at  itne  side,  nud  is  more  or  less  shortened. 

Tlic  anterior  alidoniiiial  widls  may  *'ntirely  or  iilniost  fail  to  unite — 
conditions  called  fissura  abdominalis,  gastroschisis  completa,  and 
thoracogastroschisis.  and  I'hnrncterizcd  l>v  the  nndevehiped  nl>d<tnunal 
roverings  not  haviii;;  In-vn  scjiaratod  from  the  amnion,  ImiT  rutuiiug  into 
it.  Tlie  greater  bulk  of  tiie  uhdominal  contents  then  lie  in  a  sac  com- 
posed of  jH-rituUeum  and  amnion  ;  <ir  the  peritoneum  may  he  wanting 
also.  The  iimhiliefil  eord  is  also  (jftcn  wantinfr.  antl  the  umhilieiil  vessels 
mn  to  the  placenta  without  joining  one  another. 

Failure  of  the  eln^sr-wall  to  eIos<- is  enllnl  thoracuschisis.  The  heart, 
eovcrcii  with  the  p(rii'ar<iiuin  oreulirely  fire,  may  jaish  out  llimn^'-h  an 
opening  in  the  canliae  n-irion.     This  condition  is  <'allcd  ectopia  cordis. 

Whcii'  the  failnre  tiK'lose  isecnitiui'd  to  the  sternal  I'cgion  it  is  called 
fissura  sterni.  This  may  involve  the  whoh-  sternum  or  <mlv  a  part  of 
it;  it  may  atfeet  ))rdy  the  l)ones,  or  it  may  atl'eet  the  skin  alstt. 

Where  the  urinary  Itladder  prolapses  through  a  cleft  in  the  abdominal 
wall,  the  eondition  is  km>wn  a>  ectopia  vesicae  urinariie. 

ticfts  of  the  ahdominal  wall,  whether  totjd  or  purtial.  are  not  infre- 
quently eojuplicated  hy  clefts  <if  the  parts  lyinu:  hchind  the  ahdomiTjal 
wall.  Where  a  eleft  of  the  lower  alidcjiiiinal  wall  is  eonihined  with  a 
cleft  of  the  Madi-icr  also,  so  that  the  posterioi-  wall  of  (he  Madder  pro- 
trufles  through  (he  ahdominal  opt-nuig,  theirtmdilion  is  ealled  fissura  or 
ecstrophia  or  inversio  vesica?  urinaria;  (Fig-  2!)4.  n.  Sfunetimes  the 
pelvic  girtlte  and  tin*  urethra  arc  also  cleft,  converting  tlie  latter  into  an 
exposed  trough  (Fig.  *294.  e).  The  'H*stro])hy  is  then  sjiid  to  he  compli- 
cated with  fissura  jc^nitalis  and  epispadias'. 

Where  an  ahdominal  tissure,  or  an  ahdonunal  fissure  logetlier  with 
ecstrophy  of  the  hladder,  is  eoniplieated  with  lissure  of  the  intestine,  tlie 
condition  is calh'd  fissuraatxlominalisintestinalisorvesico-intestinalis. 
The  intestinal  fissure  is  sitnati'd  in  thi'  <'iei  imi  or  in  the  Ijegirniin^''  of  the 
colon,  juul  the  mueous  memUrnnc  of  tin-  intestim'  protrudes  in  tlic  same 
Tiianut-r  as  the  posterior  wall  of  the  hhnhh-r:  and  hemu- it  is  calltMl  ecstro- 
phia or  inversio  intestini. 

If  the  omphulomeseiitL-rir  duct  dt>es  not  undergo  its  mjntial  alriiphy, 
an  appendix  of  int-<\stine,  called  Mecl<el*s  diverticulum,  remains.  This 
divertii'dluin  proceeds  from  the  outer  surface  of  the  gut,  having  gener- 
ally the  apiiearnnee  of  a  l^l'^ve-^mge|•,  and  either  cuds  l«hudly  or  is  at- 
tached at  the  umhilicus.  sometimcN  Ixing  ilihitetl  at  the  ends.  It  nniy  Ix* 
adherent  in  the  nndnlical  ring  and  its  nmcous  surfaee  may  protrude 
ifiiopiii  iiiftsfiui,  (iiiiunuui  iutifiU'u-tfh).  In  very  rare  eases  a  cyst  lined  with 
nu»eous  nuMuhraue  is  foun<l  in  thr-  alidoitiinal  wall  (a  n-mnant  of  the 
omphalomcseiiteHc  du«*t). 

Umbilical  hernia  and  clefts  in  the  upper  part  of  the  abdominal  wall 
ixva  ofteu  combined  with  i?raiUi»raehisehisis,  wnile  ecstrophy  of  the  blad- 
der anil  int4*Rtine  is  often  c(uidiined  witli  mycloeysto<'eh> ;  and  vi>n  Keck- 
linghausi'ti  regards  tlie  two  malformations  as  Iw^aring  sonu'  relation  U\ 
eatth  i>ther.  Large  abdomimd  ch-ft.-  arc  ftutlicrmore  often  associated 
with  lordoti*^  or  scoliotic  enrvatuivs  of  the  spinal  column. 
24 
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Fio.  295. — H>'poKpa<liats  HSHocMatc'd  with  a  stunted  penis.    (Reduced  ono 

foui-tb.) 

Flu.  29f>.-Epi»iiadift8.     (After  Alilfeld.) 
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regiou,  aud,  as  a  role^  is  associated  with  defects  in  the  internal  genital 
organs  (Fig.  297). 

A  rare  condition  is  a  duplication  of  the  penis  or  of  the  penile  urethra, 
one  canal  giving  passage  to  the  urine,  while  the  other  communicates  with 
the  sexnal  organs.  A  dwarfed  condition  of  the  penis,  resembling  the 
clitoris,  is  more  common.  It  is  usually  associated  with  hypospadias,  the 
urethral  opening  being  beneath  the  glaus,  the  body  or  the  root  of  the 
penis  {Fig.  295),  or,  in  extreme  cases,  behind  tlie  scrotum  {hypospadias 
penneoscrotalis).  The  same  degrees  of  hypospadias  may  exist  in  peuises 
otherwise  normal,  being  due  simply  to  a  more  or  less  complete  covering 
of  the  sexual  furrow  from  which  the  urethra  normally  develops. 

Epispadias  (Fig.  296)  is  the  term  applied  to  the  condition  in  which 
the  urethra  opens  upon  the  dorsal  aspect  of  the  penis.  It  is  less  common 
than  h^'pospadias,  and  results  from  an  incomplete  or  retarded  closing  of 
the  pelvic  cavity,  of  such  a  cliaracter  that  the  cloaca  is  divided  into  an 
anal  and  a  genital  portion  (Thiersch).  Sometimes  the  two  penile  halves 
may  remain  separate,  with  or  without  ecstrophy  of  the  bladder  or  an  in- 
complete closure  of  the  abdominal  cavity. 

The  prepuce  is  subject  to  the  following  anomalies :  it  may  rarely  be 
entirely  absent,  or,  more  frequently,  abnormally  short;  often  it  is 
hypertrophied,  and  this  hypertrophy  may  be  associated  with  a  stenosis 
of  the  orifice,  so  that  it  cannot  be  retracted  (hypertrophic  phimosis). 

Deficient  development  of  the  scrotum  is  usually  associated  with  re- 
tention of  the  testis  in  the  abdominal  cavity  or  in  the  inguinal  canal,  and 
causes  the  external  genitals  to  look  like  those  of  the  female — a  result 
which  is  heightened  when  the  penis  is  small  or  ill  developed. 

In  the  female  the  clitoris  and  the  labia  majora  and  minora  may  be 
deficiently  developed ;  epispadias  and  hypospadias  may  also  occur,  the 
former  associated  with  ecstrophy  and, 
perhaps,  incomplete  closure  of  the  ab- 
domen (Fig.  294).  In  hypospadias  the 
urethra  opens  into  the  vagina. 

The  urethra  may  m  absent  in 
either  sex  (Fig.  297).  In  young  females 
the  bladder  may  open  directly  into  the 
vagina. 

Urethral  atresia  can  also  occur  in 
either  sex,  and  results  from  a  local  de- 
fective development  or  an  obliteration 
of  the  orifice.  An  accumulation  of  urine 
may,  in  these  cases,  cause  extreme  dila- 
tation of  the  bladder  (Fig.  297). 

Fig.  297. — Complete  absence  of  the 
urethra  and  external  genitals,  with  extreme 
distention  of  the  abdomen  by  an  aocumu- 
latdon  of  urine  in  the  bladder;  and  com- 
pression and  dwarfing  of  the  lower  extrem- 
ities. (In  the  posterior  wall  of  the  bladder 
there  were  rudunentsof  tubes  and  ovarieB.) 

An  abnormal  narrowness  of  the  urethra  may  exist  in  a  portion  of 
its  course  or  throughout  its  whole  extent.  Its  lumen  may  be  compro- 
mised by  a  hypertrophy  of  the  colliculus  seminalis. 
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MALFORMATIONS  OP  THE   EXTREMmES, 


Occasionullv  the  lUTthm  opens  bv  niuUiph  orifices,  and  sometimes  there 
is  a  )»liiiil  caniil  in  Tin-  {^liiDs  pi'riis,  iyiii|r  Ix'sidf  thi'  uorinal  uit'thrn. 

An  allantoic  cloaca,  due  to  nrrested  (ievelopnieut.  may  persist  at  birth 
and  form  a  comuiou  outU^t  for  the  bladder  and  intestine.  Fre^juently  the 
bladder  is  divided,  tlie  reetiim  not  existing,  and  then  the  ilcnm  opens 
direetly  into  the  cloium.  In  lefcw  anomalous  vases  there  is  merely  a  failure 
in  the  separation  of  tlie  intestinal  outlet  from  the  iirog^enital  sinus — i.e., 
fnun  tin'  ^'euital  and  urinary  oriJii-es.  Sinee  the  external  depi-efision 
wliich  tonus  the  anus  is  wautiug  in  these  rases,  they  are  desi^iated  as 
atresia  ani,  and,  according  to  the  nssoeiation  of  the  intestine  with  the 
neiphlidriuirsittnictures,  they  ai*e  elassed  as  atresia  ani  resiralin,  urefhralis^ 
or  rfii/imtiift. 

Wlien  the  i-eotuin  couimnnicates  neither  with  the  untgenital  sinns  nor 
with  the  eutaneuusaual  (h-prewsion,  the  eouditiou  is  ealh^i  fffnsift  yimpler. 
In  sueh  eases  the  reetum  is  ofleu  iinperfeetly  deviddiH^l. 


(/)  MalfbrmatioM  of  the  Kxtremitie^  due  to  Arrest  of  VtvelopmeHt. 

§  150.  The  extivmities  appear  first  as  thiekenings  of  tlie  cutaneous 

plates  of  the  enihmi,  which  after  ehmgation  t>eeonie  <livided  off  into  tJic 
eomjionent  divisi(fns  of  the  extremities  hyshalhtw  furrows. 

Defective  development  of  the  extremities  is  not  rare,  and  may  owe 
its  origin  to  a  delieiem  y  in  the  priuiaiy  difFerentiatiou  of  the  embryo, 
l>e  secondary  to  stjme  tiistnrlmnei-  in  the  di'veh)i)ment  4if  the  limb  or  the 
bones,  or  ivsult  from  eonstnctious  caused  hy  strands  of  the  membranes 
or  h>ops  of  the  unibiH<*a!  on-d.  The  eausu'  of  sucli  defective  deveh)])ment 
of  the  extremities  may  i^ometimes  be  referred  to  |>recedeut  malfornialious 
of  the  eeijlral  nervous  system. 

They  are  groupe<l  into  the  foUowing  classes,  aeeoitling  to  the  degree 
of  malformation : 

1.  AnieUfs.  The  extremities  are  either  all  entirely  wanting  or  are  rep- 
resented hy  mertf  stinnps  or  waK-like  rudituents  (Fig.  298). 

2.  PeroinrJus.     M\  the  extremities  are  ihvarfed. 

3.  Phocoiiii'lns.  Tlie  haiuls  ami  feet  are  developed,  but  are  attiu^hed 
directly  to  the  shiudiler  and  pelvis  respectively. 

4.  MirroiHf'hts  (tniiTohi-acliiiis.  niicropiis).  The  extivmities  aiv  fully 
differentiated,  but  rciunin  abnnrmally  small  (Fig.  2119). 

'>.  Ahnfrhiit^'i  and  tipits.  Absence  of  the  upper  extremities  with  weU- 
deveh>ped  hiwcr  extremities,  or  viei^  vei-sa. 

(J.  JWtihfitrfiifts  and  pert/pus.  The  arms  and  thighs  well  developed ; 
the  forearms,  luuids,  legs,  anrl  feet  liialforme*!. 

7.  Mnuohnirhittx  and  inf/nopus.  AhM<'nee  uf  a  single  n]>|>er  or  lower 
extreuuty. 

H.  iStfmpfttt,  i*irehOinflia,  i<j/mmtf(fi((.  The  lower  extremities  are  eoalea- 
eent  in  a  position  of  wmi-rotation  aronml  tlieir  axes,  ko  that  their  ex- 
ternal aspects  are  in  contact  [Kigs.  :iOO  and  :\0\).  The  pelvis  is  usually 
abseut,  a.s  are  also  the  i-xtcrnjd  genitals,  hhuldrr.  urethra,  and  anus.  The 
feet  may  be  entirrly  wanting  {srfmpitsnpus)  and  only  a  few  toe*  W  pi-es- 
erit  {FSg.  3(Kl),  i>r  in  oHht  ejwes  (Kig.  301)  a  single  foot  (stpttpus  m*nwpH8) 
or  both  feet  {sfpupus  //f/yw.t)  may  he  present. 

0.  Of  the  single  Imncs,  (he  radius,  fihuhi,  patella,  elanele,  and  MMipida 
are  those  most  frcciucutly  ahseut. 

10.  Arhirus  and  pn-ovhirnm.     Tlie  absence  or  dwarfing  of  the  whole 


Fio.  302.— Malformation  of  the  ripht  hand  (iierocbirnB)  with  r^oale!*nenop  of 
the  ftnjjers.  (After  Utto.)  a.  Hupemuiuerarj'  thumV) ;  ft,  Thunili  proper;  c, 
Dwarffd  index-t)nger;  rf.  Middlu  flnger;  ^,  Kin(f-tlujjrer ;  /,  Little  finjter. 

Fio.  '.U)3. — Boneft  of  the  peroeliirus  depicted  in  Fi^.  31)*i,  shown  in  their  dor- 
wd  aapeet.  ( Ai'tf  r  Ottu.)  a  -J,  Same  as  iu  Fig.  302 :  ]),  Tina ;  /i,  Radius ;  1,  Oa 
niivicuhire;  2,  Uh  luniituni :  *t,  Os  trianjrulare  ;  4,  Oa  piHifonnu  ;  5",  Os  multan- 
guluni  ttiajus  supoiiiimm;  iV,  Oh  nmltan^um  ordinariuin  ;  6,  Ob  mult;ingiilum 
ininiis;  7,  On  rapitnlum  ;  8.  Oa  hamatum. 

Fm.  ;im.— Hempus  ih-xter.     ( Afl^r  Otto.)     n.  Great  toe ;  ft,  Little  toe. 

Fia.  30i>. — Kones  of  (he  foot  depirted  in  Fi^f.  Iil^4,  in  llie  doi-sal  aspect,  o. 
Bip  toe;  6»  Little  t<)e;  c,  Rudiment  of  thtj  ihinl  Uw;  tf,  Tihin;  r,  Filnda;  1,  Talua; 
2.  Calwmeus;  3,  Os  naviculure ;  4,  Oscimeifonnemajiis;  5,  Oapuneiforme  minus; 
6,  Os  cuueiformf  tortium  ;  7.  ()^  oubifnrnie. 


ABXOBMAI*   POSITIONS   OF   EXTREMITIES. 
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2.  AltHormal  PoMtion^  of  the  Intt^utl  OrtjuHH  and  of  the  Extremities. 

§  151.  Of  the  fthnoniial  positions  of  the  internal  organs,  the  most  im- 
portant in  the  situs  inversus  viscerum — i.e.,  a  htrrul  tniuspoKttiou  of  the 
thoracic  ami  nhdomituil  nH<'na.  It  hats  been  obseneil  in  doui>ie  monsters 
a.s  well  a8  in  sinjrh'  iiulividiialj^,  and  may  1h'  resti*ict^*(l  to  aKinipli-  malpo- 
sition of  the  heart  aleme.  or.  mort;  rarelv,  tif  <^nly  tlie  alxUiniiual  organs. 
Othi-r  malpositions  aflfeet  niost  frequently  the  alxluniinal  vw.eni.  The 
kidney,  for  example,  is  not  rarely  nuilphn-fd  {tiijxtopia  reuia),  in  whieh 
eases  it  is  usually  found  l»elow  its  normal  8it-t%  near  or  even  in  front  of 
tiie  saeral  promontory.  The  testis  is  sometimes  retained  within  the  ab- 
dominal eavity  {frtojtid  iufmia  -sf  h  afMiotnituilis  tf^tis  ;  rrffptiirrhi.tmuii),  or 
ill  the  inguinal  canal  [ertoput  imjuinalis),  or  at  the  external  ring  {ectopia 
guinea),  or,  finally,  at  some  point  l>et\veen  tlie  latter  situation  and  its 
normal  position  (ectopia  rfHrosirrftitlis,  prrhifuliff,  or  cntrfihs).  Ahtiorninl 
pimtion.s  of  tht'  ititmfiiif,  eHp*'riMlly  of  tlic  large  intvstiiic,  an-  ih>\.  nuv. 

Among  the  abnormal  positittns  of  the  extremities  congenital  luxations 
are  of  iiartienlar  intert'st.  They  are  most  conmion  at  the  hip.  nmre  nire 
nt  the  elbow,  shoulder,  and  knee.  Von  Ammon,  DrdliugtM*,  Urawilz,  and 
Kroiilein  regard  Ihem  as  the  result  of  an*ested  dt'v*']opim*ut.  At  the 
hip  th<'  acetabular  soeki't  remains  small  and  impci-t'cct,  and  the  hciid  of 
the  femur  is  more  or  Icks  ineomplptely  developed,  so  that  it  is  readily 
displaeed.  usmilly  backward  [Inxatio  ilitica).  At  birth  the  ligamentum 
teres  is  always  intact,  but  stretelies  when  the  limb  is  used,  and  may  bo 
ruptured.  Tfic  eapMule  is  at  first  intact,  but  the  cutitinued  ]iressure  b^ 
tweeu  the  liouy  surfaces  ncy  cause  it  to  become  j)erforat<Hl,  in  whieU 
ea.se  a  new  joint  may  b<'  formed  hy  tlie  iiroliferat.ion  of  tho  surrounding 
tissues. 

AbnormaL  positions  of  the  feet  and  hands  are  to  be  attributed  soiue- 
times  to  disturbances  of  develo]imcnt,  >onu*tuues  to  mwhanical  causes. 
The  most  imjiortiint  is  congenital  club-foot  (pes  equinovarus).  which, 
aeeonling  to  EscliriidiL  is  due  to  arrest  ni  tievelopnient  leaving  the  foot 
in  its  f<eud  position,  with  nuilfoi-juation  of  the  bones  and  their  articular 
surfaces.  Hi>  <lcscnbcs  the  feet  as  lying  at  first  with  their  dorsal  sur- 
faces against  the  alidominal  wall  of  rlic  foetus.  This  |Misitiou  gradually 
passes  into  the  normal  through  a  revolution  around  tltfi  axis;  but  even 
at  birth  this  rotation  is  not  completed,  the  toes  iMiing  still  turned  inward, 
and  this  persists  until  tlieact  of  walking  gnnbinlly  completes  the  chiiiige^ 
In  elnb-foot  this  fa-tjd  jfosilion  is  exaggerated,  the  inm-r  edge  *if  the  foot 
is  abnormally  rnised,  ami  the  whole  foot  is  in  a  position  of  plantar  fiexion. 
The  sha[H*s  nf  the  bones  and  joint  sin-faees  are  also  abiioi-iii;d.  the  eolhira 
tali  liciug  especially  clmigaterl  (lluter.  Adams).  If  the  ehildren  learn  to 
walk,  they  tread  niton  tlie  outer  edges  of  the  feet,  whieh  are  Hattened  by 
the  prcssuiT,  while  the  wliole  foot  is  more  strongly  inverted. 

The  eongenitnl  elnb-foot,  (hough,  as  stated,  usually  the  result  of  an*est 
of  deveh>pment,  may  oeeasinnully  Im*  caused  by  an  abnormal  pressure  due 
to  a  relatively  small  nt«'rns  (Volkmann).  Under  these  conditions  the  posi- 
tions known  as  pes  calcaneus  and  pes  valgus  nn»y  \je  produced.  Tliey 
are  eharaeterized  in  piirt  by  a  strong  dorsnl  flexion,  in  part  by  a  twist- 
ing^ of  the  foot.  Frcijuently  the  evidences  of  the  pressure  to  whieh  the 
feet  have  been  subjected  are  seen  in  an  atrophic  condition  of  the  skin 
and  the  relative  positions  of  the  bones. 
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u(:neiial  and  partial  giant  growth. 


Tlic  position  of  the  hand  desigrnatod  as  clubbed  hand  or  talipomanus 

is  oansf^l  by  ii  riKliinontary  develo])ment  ^>f  lliu  radius,  and  i»  usuaUy 
aswx'iat*^  witli  otlier  niolpositious  iu  tlie  iudividuaL 


3.  Malpositiona  the  UfsuH  of  Ejccctuhr  Grotrih  or  Mulfiplirathn  of  Orffftntt 

ur  }*<irt»  of  ihf  Hinhj. 

§  152.  A  malformation  known  a.«  general  giant  growth  is  the  result 

of  nil  exci-SHive  jtfi-owth  of  the  whuU^  hmly,  wbirji  may  take  phire  in  utrro 
or  in  after-life.  Xe\v-lK»rri  ehildreu  weip;hing  more  than  twenty-two 
Itounds  are  on  reeord.  I>urin{X  extra-nte.rine  life  growth  far  beyond  tlie 
n^ual  muxbtiiim  may  take  phiee. 

Partial  giant  growth  (cf.  §  7i)J  imiy  jdso  ttikr  placr  {»  uftro  or  after 
birtli,  and  usually  affects  portions  of  the  extivniities  or  the  head.  Dnr- 
inp  extra-uterine  life  tniunin  sometimes  gives  au  impnlse  to  a  pathohigieal 
excess  of  (ri'owth. 

In  these  In'^M-rtn^jihies  af  au  ('Xti*('niity — as,  for  example,  a  finger — 
the  strnetui-e  of  tht-  part  may  presence  its  general  iioi-mal  rehjtit>ns, 
all  its  euiistitnents  partii'ipating  iu  the  alnionnal  development.  In 
other  eases  eertuiii  tissues  naruopoliKe  the  growth,  ns,  for  example,  the 
soft  parts,  espeeially  the  fat.  Furthi-nnon',  tlie  euhirgeil  soft  parts  nmy 
show  a  pathologieal  striieture,  as  exemplified  hy  eases  iu  whieli  the  blomU 
or  ly.mph-ves.sels  are  abiinrmally  developed.  When  the  extremities  are 
the  seat  of  this  gi'owtli  the  eoudition  is  usually  designated  as  elephanti- 
asis. Wiien  th»*  thifkeiied  portions  are  sharply  eircumscriliMl  tlH-y  are 
nsnally  reganied  as  tumors,  and.  aet-onling  to  tlit-ir  stnu'tures.  are  elassed 
with  tlie  aiigioriiata,  lymphangiftmala,  i>r  fdtromata.  On  the  trunk  the 
L\'pertiN>i)hies  usually  resemble  elepliautinsis.  i)ut  sMuetimes  they  assume 
thefoi-m  of  a  iiiMiplasm.  ThesatiuMs  true  wliert-  the  parts  affected  belong 
ti>  the  fare:  the  lips,  cheeks, and  tongue  lu-ing  not  infrequently  enlarged 
aud  distorteil  hy  a  hyiKiidasia  of  the  couneetive  tissue  richly  endowed 
with  lymjthatie  ve.'i.'^els. 

Cireumseribed  hyia-rtniphies  of  ibe  Iwrnes  occur  in  varioua  parts  of 
the  skeleton,  aud  are  sometimes  nudtijtle.  The  bones  of  the  head — those 
of  the  skidl  as  well  as  those  <(f  tlie  tm-v — may  be  the  seat  of  hypertrophy, 
which  Mjaybi*  so  extensive  as  trteause  a  ilefiirmity  of  one  av  both  of  these 
regions,  a  eoudition  known  as  iffttfttasis  ossfa  (Fig.  90,  p.  l!19l.  C'ireum- 
.^icnlM'd  hypertrojihirs  also  Irad  to  tin-  formation  i>f  o,si(tnutttH  or  fjrosfosfs, 
tfi'tfu  uniitiplr.  Tht'  bones  of  the  hi]*  and  of  tiir  extremities  may  present 
bypertntphii's  whii-li  may  involve  single  bones  only,  or  may  I'esult  in  the 
foruiatiou  of  atypical,  frequently  multiple,  masses  of  bone. 

§  15M.  Supernunierary  organs,  or  a  multiplication  of  the  parts  of 
the  skeleton  and  of  the  muscular  system,  jirr  n'»t  uueommon.  aud  are 
the  result  either  of  changes  oi-currinu  early  in  thf  dcvclopnu-nt  of  the 
parts,  or  of  tlie  pe»-sistcTn*c  of  jiarts  tliat  arc  U4)nnally  suppressed  as  de- 
velopment advanei^s,  in  whii-li  latter  case  they  may,  perhajw,  be  n^gardwl 
as  examples  4if  atavism. 

1.   Duplications  at  the  extremities. 

A  duplication  of  a  wlmle  extremity,  without  involving  cither  tlie  shoul- 
der or  the  pelvis,  has  never  been  oWrved  in  man.  Duplication  of  the 
hands  and  feet  is  i*ar*',  but  a  number  of  ea.ses  are  on  n-cnrd  (Fig.  306). 
The  liumlLKT  of  fingers  may  readi  nine  or  t^n. 


SUPEKNITMERARY   FINGERS  AND  TOES. 
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Supernumerary  fingers  (polydac- 
tylism)  ou  a  simple  hand,  where  the 
extra  fiugers  are  attached  at  the  radial 
or  ulnar  side  of  the  hand,  or  intercalated 
between  the  normal  fingers,  are  more 
common  than  a  dupUcation  of  the  whole 
liand  (Fig.  307).  Similar  anomalies  oc- 
cur on  the  lower  extremities  (Pig.  308). 
Frequently  the  duplication  involves 
onlv  the  first,  or  the  first  two,  terminal 
joints  of  the  fingers  (Fig.  307).  When 
attached  to  the  edge  of  the  hand  the 

Fig.  306. — Polydaotylism  with  dupUca- 
tion of  the  hand.    (After  Lancereaox.) 

fingers  may  be  well  developed,  or  thev  may  be  mere  rudiments.  Occ^ 
sionally  they  appear  as  small  pedunculated  fibrous  tumors.  In  the  fully 
developed  supernumerary  fingers  the  phalanges  may  articulate  with  the 
metacarpal  or  metatarsal  bones  of  neighboring  fingers,  or  with  supcr- 
nnmeraiy  bones  of  the  hand  or  foot,  which  in  turn  may  articulate  with 
supernumerary  carpal  or  tarsal  bones. 


Fig.  307. 


Pig.  308. 


Fig.  307.— Polydactvlisni  and  syndactylism  of  the  left  hand.  (Reduced  one 
afth.) 

Fig.  ^OS. — Polydactylism  and  svndactylisin  of  the  right  foot.  (Reduced  one 
fifth.) 
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TRITE   AND   FAI.SK   HERJrAPHRODIiSM. 


Polydwtylism  is  ?«>nietirn*'s  iiilu'ritt'il,  sometiincts  the  result  of  intra- 
ut^^riut'  iurtuences  and  therufuro  iiidoiK'ndent  of  heredity. 

2.  Supernumerary  nipples  and  breasts  (hyperthelia.  hypermastia) 

are  uot  uiKMimmou  innminlit's  in  both  sfxes,  tuid  art-  pndmbly  to  h<»  iv- 
jfurded  as  exarnplosof  iitavisiii.  They  nrc  iisuiilly  sitnafe<l  on  tl)e  thorax, 
along  two  lities  ninuinjr  from  the  axillff*  to  thr-  in^niml  re^'ioiis ;  but  th^^y 
may,  nnvly,  Iw  iu  other  pUv^s— e.p.,  the  axilla,  shouMer.  abdomen,  back, 
or  tliigli.  They  ni-e  usually  ^niall,  but  inay  aonuin^  funetional  notivity 
w}ien  iin-gnaney  tjikes  placo.  Supenimueiiiry  nipples  may  reweh  as  high 
a  number  as  teu. 

3.  The  fonmttioii  in  mtu  of  hre^ish  resembling  thos«-of  women  (gynse- 
comastia)  is  rai-e  in  well-develope:!  men  with  |ierfeet  sextial  orjxiiii^  (piee 
Uermaphroilifirn,  §  15r>) ;  but  it  not  itifrei[neiitly  hajipt-ns  that  th^  male 
breast  suffei*s  moderate  oiilargemi'nt  at  pubertj'. 

4.  Supernumerary  bones  and  muscles  ai'e  of  fr<H|uent  oeeurrence. 
Exh-ft  rtrt'Mtrtf  may  be  developed  at  any  part  tff  the  spinal  eolimin,  ami, 
at  the  h>wer  end.may  r4'sult  in  the  fi>rniatioti  ot  a  tail.  Hejiides  the  true 
tailft  eontiiiniii;?  bones,  there  are,  aei-ordinp  to  Viri^bow,  Xvav  forms  of 
false  or  itnpert'eet  tails,  whieh  eontain  neither  bone  nor  eartilape.  One 
of  these  fonus  he  i*ep;ards  as  a  ]»n>lonp:ation  of  the  spinal  coluniii,  whih^ 
the  other  he  looks  upon  as  a  etit-aneoiis  aj^pendiipe  of  various  make-up, 
whieh  may  souu'times  1«?  elassed  with  the  tefiitoiiuita.  The  true  tails  are 
very  rare.  aud.  a^'rorditip  to  Bartels.  are  usually  the  result  of  an  elonpii- 
tion  or  separatiou  of  the  vrrtebni'  nilber  than  tif  the  presenee  of  su|M*r- 
uumerHry  bones. 

SupivHumt  ran/  rihs  in  the  ner-k  or  b>ius,  as  well  as  a  forking  of  the  ribs, 
are  not  ran^ 

t!:iifjH'>'uttmef(try  tfffft  also  (K-eiir. 

5.  Withiu  the  thorax  and  abdomen  duplications  of  the  viscera  are 
most  frequent  in  the  spleen,  panereas,  supr?iri'iial  bodies,  uretei-s,  renal 
iwlves,  jMid  limps;  lliey  oi-fur  more  ran-ly  in  the  <ivjirit*s,  liver,  kidneys, 
testicles,  and  bhulder. 


4.   Truf  find  False  HprnntphrofUitm, 

§  154.  The  Internal  sexual  organs  develop  from  a  primith^  mj-uhI 
fflmtil  lyiiip  near  the  \Vf/!(fifiM  boih),  and  a  sfjuaf  jufMsttiff,  the  fhtct  of  MiilUr, 
whieh  are  at  first  identieal  iu  the  two  sexrs.  Tlie  latter  lies  close  to  th« 
WolfHaii  dui't,  both  ti-nniinititip  in  tin*  lower  end  of  the  urinary  bhulder 

or  urogenital  sinus  (Kolliker). 

In  the  male  the  dnet  of  Miiller  nearly  disap]>©ars,  only  a  traee,  the  vesieula 
prostatica  or  utenis  ntnsoulinus,  i-emuinin^:  the  primitivn  sexual  inland  unites 
with  a  part  of  the  Wulfhan  bmly.  whieh  beoouies  the  epi[lid\ini»,  auother  small 

{lortiou  forming  the  vuHa  abi-rraiiitia  WatU  (organ  of  OiruhU's),  wliile  the  chief 
>idk  of  (he  organ  disappears,  and  the  Wolffiiiu  duot  beooiiies  the  vas  deferens 
anil  vesit'ula  seniinalis. 

Iu  the  fctmale  the  WoltHtin  horlvnnd  its  duet  fU'tappear,  leaving  only  a  trace, 
the  parovariuni,  behind.  From  the  duets  of  MiiJler,  whieh  coalesce  at  their 
lower  ends,  (I*'velo]>  the  vni^ina,  uterus,  mid  Kjilln|>mii  tidies,  tlie  extreme  upper 
end  often  peisisliup  as  a  httlu  sac.  the  Iiydiitid  of  Morpagni. 

The  sexual  plaiid  tlr»l  appears  in  tl'ie  tifth  wfek.     It  is  pnHhicwl  in  main- 

malin  (and  probably  in  nitm)  by  n  thicktuinp  of  the  penti>n«'a1  epitheiium,  which 

beeomes  the  germinal  fpillielivim  of  the  ortrau  (Waldever),  ivhile  tlw  nifHodenn 

Whether  lh«  seminal  tuljules  aiv  derived  from  the  pt^ritoneal 
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epitheliuni  (Brirnliaupt,  Ejyli),  or  whether  they  are  derived  from  the  WolfHnn 
body  (Waldoyor),  is  still  n  mooted  question  (K.<">Ilik.er).  The  ova  s^>ring'  fr<<m 
the  Kermiiinl  epitlielium.  The  environing  oell.'*  of  the  liraaHan  tnUiele  are  re- 
fianlml  by  Wafdeyer  as  alwi  derived  from  the  {ifenniiud  epithelium,  while  Kolli- 
ker  thinks  thev  ar*'  probably  derived  from  the  WoUlian  body. 

The  si^nincance  of  the  pcdunctfhite  »tid  nott-prtiunctthte  hifdatids,  situated 
in  varying  aunibers  near  the  globus  major,  is  not  a«  yet  fully  <letermLued  {KiU- 
liker).  According  to  Waldever,  the  htfdutid  of  Hlortjaffni  is  to  be  regarded  as  a 
j*emnaut  <if  I^liillerVdui't.  Rotli  thinks  it  may  also  stand  in  elose  relations  to 
the  Woinian  body.  inaHinucb  as  ooeasioiuiUy  a  vas  aberrans  of  the  epididyniiM 
commtinicates  witli  it. 

At  first  the  frstis  lies  within  tlie  abdominal  caWty.in  front  of  and  internal  to 
the  primordial  kidney,  close  to  the  lumbar  vertebrie.  As  the  primoitiia!  kidney 
dihappeai'S,  the  tetntis  comes  iuto  intimate  relatiom;  with  a  baud  of  tissue,  the 
yiibt* macular  conl,  which  passcH  from  tlie  lower  end  of  the  primordial  kidney  to 
llie  internal  inguinal  ring.  In  the  third  month  of  fietnl  UfH  the  pri>ceH8Us  \Tigi- 
iialis,  a  pouch  of  the  peritoneum,  pushes  its  way  throuch  the  inguinal  canal  iuto 
the  sei-otura,  wldch  is  formed  from  the  integument.  Sleanwliile  the  gulwmac- 
ulnr  cord  1ms  passed  down  behind  the  processus  vaginalis  into  the  scrotum, 
binding  the  latter  to  the  epididymis,  which  was  formed  from  n  part  of  the 
primordial  kidney  or  WolfRan  body.  Then  the  testis,  covei-ed  by  |M'ritoneum, 
follows  the  course  of  this  band,  reaches  the  internal  ring  during  the  seventh 
month,  and  at  birth  is  usually  situated  withiu  the  scrotum.  The  processus 
vaginalis  is  oblitersited  soon  after  birth,  but  frequently  ordy  iniperfec:tly,  and 
occasionally  remains  patent. 

The  duets  of  Miiller  and  the  WoUtian  ducts  join  in  the  female  to  form  a 
single  strnnd.  At  the  enil  of  the  s4^cond  ratmlh  tliL-  diirts  of  Alii]U>r  roalest-e,  at 
first  near  ilicir  ccntn-^s  and  then  farther  *.K>wn,  ti»  form  thr  utrntti  anil  the  vngitut. 
The  Wolffian  dnets  gradually  disappear  or  are  represented  by  mei-e  remmints, 
situated  at  birth  in  the  brnad  ligaments  (KoUiker)  or  in  the  walls  nf  thu  uterus 
(Beigcl).  Kiodel  liolds  that  they  persist  throughout  life  in  about  one  thii'd  of 
the  cases,  conaistiug  of  a  strand  of  cylindrical  epithelium  auiTounded  bv  muscu- 
lar tissue,  or  of  a  mere  muscular  bundle  lying  in  frt>nt  and  to  the  side  of  the 
uierua  and  vagina. 

The  ducts  of  Miiller  at  lb*st  open  iuto  the  urinary  bladder  immediately  in 
front  of  the  Wolt!lan  dncrs,  while  the  ureters  have  their  insertions  higher  up. 
The  lowest  portion  of  the  bladder,  designated  as  the  urogenital  auius,  progresses 
in  its  development  moi-e  gradually  than  the  surrounding  structures,  which  be- 
eonu'  urethra  and  vagina;  but  Hnally  the  urinarv  au<l  sexual  organs  an;  so  far 
separated  that  the  vestibidc  is  all  ttiat  tht-y  have  m  common. 

Inasmuch  as  the  vagina  develops  into  a  wider  channel  than  the  tirethra,  the 
urogenital  sinus,  \\-hich  at  first  was  a  part  y>t  the  urinary  blaildi-r,  becomes  a 
continuation  of  the  vagina,  into  which  the  smaller  urethi-o  opens.  The  uterus 
becomes  diffei-etitiated  trmm  the  vapina,  in  the  tifth  month,  by  tlie  development 
of  an  annular  ridge.  The  hjiiien  is  formed  from  the  ridge  which  marked  the 
junction  of  the  vagina  with  the  nfugrnita.1  sinus  or  vestibulum  vagina*. 

In  the  feuuile  thu  guhernaciilar  curd  becomes  tlie  round  and  ttvarian  liga- 
ments. As  the  Wolfliaii  binly  disjtppears,  the  ovary  approiwhes  the  inguiiiiil 
e^nal  and  assumes  an  oblique  position.  The  peritoneal  covering  of  the  Wolffian 
l«ody  becomes  the  broad  ligament.  As  the  Wolffian  <luet  disappears,  the  guber- 
naculum  joins  the  ducts  of  Miiller.  near  the  point  where  the  Fallopian  tube  is 
attached.  A  processus  vaginalis  is  formed  similar  to  that  in  the  male,  but  is 
usuidly  subsi^uently  obIiterate<i ;  thmigh  w^jasiomilly  the  ovary  may  ileseend 
to,  and,  in  extreme  casts,  be  situated  in,  the  labium  majns. 

The  external  genitals  begin  to  develop  even  before  the  separation  of  the 
intestinal  and  genito-urinary  orifices,  by  the  formation,  in  the  sixth  week,  of  a 
mediati  sexual  tubercle  just  in  front  of  the  cloaca,  and  two  lateml  sexual  fold^i. 
Toward  the  end  of  the  second  month  the  tubercle  becomes  more  protidnent  and 
its  lower  surface  bi  furrowed.  In  the  tlunl  month  the  cloaca  betromes  <livided 
to  form  the  anal  and  genito-urinal  orifices.  In  thu  male  the  genital  tul>erclH 
develojia  into  the  penis,  the  glans  becoming  recoguixable  m  the  third  month,  and 
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the  ftirrow  vloaing  to  fnnii  a  tvibe  (urethra)  in  the  foiirih  nioriTii.     Meanwhile 
(he  two  ffenital  folds  imite  to  fonn  the  scrotum. 

The  prepuce  is  formed  in  the  fourth  mouth.  The  prostate  starts  in  the  thin) 
mouth  as  a  thickeuing  of  the  tissuos  at  the  junetiou  of  the  urethra  and  sexunl 
pas^a^Sy  it«  prlnndular  porttous  spring-ing  from  the  epithetiiun  of  the  urogenital 

la  the  ff^ruule  the  (k-xobI  fohls  do  ti(»t  unite,  but  fonu  the  labia  inajoru ;  the 
genital  tubercle  becomes  the  clitoris;  the  e<lges  of  its  furrow,  the  hibia  minora. 

§  155.  The  fuet  thnt  tbi>  sexual  f>rg:uns  of  both  t^fxea  develop  from  stnic- 
turt^K  that  arc  oi'ijifiniilly  I'tnnumn  to  botli.  iind  wliieh  contain  the  l>egin- 
uin^s  of  all  tJiL'  or^tms  of  both  si*Xfs,  nuikt-s  it  it  prion  prolwble  lliat  mal- 
fonnutions  iniji;ht  r<-s)ilt  throujjh  nil  iiii('(|Mal  (Icvelnpnu'Ut  of  the  orjfans 
on  the  two  sides  of  the  body,  nr  tbroiif^h  a  siniultmu'MUs  development  of 
organ.s  peeuliar  to  Uiu  two  spxes.  or.  liually,  through  a  laiek  of  harmoni- 
ous devi'lopnieiit  of  the  external  ami  internal  gi'uitalia. 

Those  nirtlfiinnurions  in  which  a  sintfh-  imlividnal  aiMjiiiivs  sexnat 
orf^aiis  lielonjritiji  to  both  sfxi-s  are  ^roujH^d  under  the  title  hermaphro- 
dism  (Fijr.  "lOl)).  If  bulb  sexual  glands  (^testis,  uvary)  ai*e  present  the  case 
is  desiginited  iu«  h€riTiaphrodismus  verus.  If  the  eonibination  of  the  two 
sexes  (^onsistrt  nicrely  of  a  HinniltatUMius  deveh)pnieiit  of  iTiah*  and  female 
penital  paj^sages.  or  of  internal  or^'ans  belonging?  to  one  sex  and  sexual 
pa.S8ages  bebmginf]^  to  or  simulating  the  other  sex,  the  ease  is  one  of  false 
bermapbrodism  or  pseudohermaphrodlsmus.  The  true  sex  is  determiuetl 
by  the  nature  of  the  essmlial  s.-ximl  glanrls  pivsent  (ovary,  testis). 

The  bmlily  hnliit  of  hennaphi'odites  frecnieiitly  .shows  a  curious  blend- 
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Fro.  30n.— HprmaphrodiBmus  vtrus  lateralis.  (After  Obolonsky.)  a,  Ure- 
thrn;  h.  Prostate;  c.  CoHirulus  seminalis:  ff.  Hymen;  ^  Urogenital  canal;  /, 
Bladder ;  g.  Vagina  ;  h,  Uterus :  A|,  Loft  uterine  hoiu  ;  i'.  Left  tube  ;  I'l,  lufundi- 
buliform  extremity  of  h-ft  tube;  i,  Iveft  ovari-j  U  Ovai-inu  ligami*nt;  in.  Left 
round  ligament:  T^  Right  tube;  o.  Kight  testis;  p,  Epididytnis;  7,  Right  va» 
deff^renH;  r,  Ripht  roiimi  ligament.  (Al^mt  one-half  nalarjd  size.  Spetumc 
in  the  pathologicHl  colleetion  of  the  OenoKn  Patludogica]  Itikititute  in  PiiMcue. 
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ing  of  male  and  ft'iuale  ehiu-aotenstics.  F(ir  exttnii>lt*.  the  breasts,  neck, 
untl  slioiililci's  irmy  iipjmtach  the  feiniUe  type,  while  a  (icvrlopment  of  tlie 
heard,  fai'\\  larnix,  ami  voie<^  may  convspoiul  to  the  male  type.  In  faJse 
henuHphroiUtes  tlie  bodily  Inibilns  may  by  no  means  always  correspond 
to  the  true  iiutui*e  t>f  the  sex  of  the  individual;  a  male  may  n'seinhle  a 
female,  and  vieo  versa. 

The  following  chief  forms  of  hermaphrodism  are  euiuuenitcd  by 
Klebs  : 

I.  Hermaphrodismus  verus,  or  androj^'nes. 

<.)f  these  there  are  three  possible  vnneties: 

1.  J/tntttiphroflistims  rents  ^(7«^•/•rt/^'*, elianieterized  by  the  presence  of 
both  h'stis  and  ovmy  on  both  sides,  or  the  presenee  on  b4>th  sides  of  a 
eonipotni4l  organ  eoutaining  testicular  and  ovarian  struetiires.  Aeeord- 
in^r  in  Klebs,  n<i  eiTtninly  aiithentie  ease  of  this  kind  is  un  ?*frord  for  the 
hinriHU  s]>eeies.  liepptier  a.<serts.  however,  that  he  found  h">Th  ovary  and 
testis  in  the  l>road  ligranients  of  an  individual  with  hcnaajiliroditie  ex- 
trrnnl  fr4'Mitals  and  ]M>ssess('d  of  a  \'aj^nua.  ntrrns,  and  Fallopiun  tiiVtes. 

2.  )lenti<ifihrinlisnms  ntus  rtnlhitf nfUs,  C'a.sfs  in  whicli  both  sexual 
glands  are  present  (tn  one  side.  whiK'  <inly  one  is  present  on  thu  other 
Hide  of  thi'  Ijody.     No  authentii'  casf'  of  this  malformation  is  on  reeoi*d. 

3.  WnuiifiUnvlismiis  vt'fus  iftifrnUs,  These  are  eaws  in  whtcli  there  is 
an  ovarj*  on  one  side,  a  testis  on  the  other.  They  have  been  i"ri'(|uentiy 
deserihcd  in  human  beings  (Uudolph,  Stark,  Berthold,  Barkow,  H.  Meyer, 
Klebs,  Me.ssner,  and  othei*s),  but  usually  without  rxart  niieroseopieal  ex- 
amination, in  the  eas**s  where  that  has  bt-i'ii  uadtTlakeii.  ovarian  strue- 
tures  hml  nuY  been  nuide  out  with  eertainty  until  Obidonsky  made  a  liis- 
tolojrieal  study  of  a  ease  in  the  eulleetion  uf  (he  (ii-nnan  university  in 
Prague,  and  establisiieil  the  faet  of  a  testis  on  the  rijirht  (Fig.  300, «)  antl 
an  ovary  {k)  on  the  left  auh.  The  broiwl  ligametit  on  tlie  right  side  con- 
tained a  testis  («),  an  epididymis  {p),  a  vas  deferens  fr/),  a  rudimentflrv 
tube  (m),  and  a  round  ligament  (r).  The  left  broad  ligament  eont4dneiI 
an  ovniT  (/••)  with  an  ovarian  ligament  {I)  and  a  well-developpd  tube  (i). 
There  was  alsft  a  uti-riis  (A),  vagirni  {*/),  anil  a  prostate  {h).  Aeronliiig  to 
piddished  ol>s4'rvatiotis  ot  cases  falling  in  this  elass.  tlie  sexual  pa.ssages 
coni!Sponding  to  the  glnmls  may  all  l»e  de\'ehi[>ed  or  some  of  t.hem  may 
hf  laeking.  The  external  genitals  are  malformed,  and  eoiubine  struetiu^s 
heh>ngiug  l4>  both  sexes. 

II.  Hermapttrodismus  spurius.  or  pseudohermaplirodlsmus,  ehar- 
aeterized  by  bisexual  devi'lo]>mfnt  i)f  the  external  genitals  and  genital 
]>a8sages, a-sso<'iated  with  a  miisexunl  develo|nueiit  of  thee&senlijd  sexual 
glands.  The  most  i»ronouneed  eases  oeeur  iti  males  who.  besides  their 
]tn)]>er  sexual  organs,  |M>SKess  more  or  less  well-4leveloped  vagina,  uterus, 
and  tubes.  It  is  inueh  rarer  to  tlud  that  |M»rtious  of  the  Wolfilhui  duct 
liave  develojieil  in  females. 

In  mah'  false  herma]ihrodite.s  the  extenwd  genitals  art*  fre«[nently  mal- 
formed and  appn>aeii  the  female  tvpe.  wliile  in  the  female  thev  it?semble 
the  male  (Fig.  310). 

Tliis  i-eseniblanee  is  hnmght  al>ont  in  the  male  where  the  jienis  is 
Rtiinted,  its  ventral  furrow  fails  to  close  (liypospadtas),  and  the  two  halves 
of  the  serotnm  r^'main  separate,  resembling  tlie  labia  majora  (espeeinlly 
when  the  testes  do  not  deseend),  in  whieh  case  thei-^*  is  usually  a  depi*es- 
sion  at  the  rortl  t»f  the  penis  betwe«'n  the  scrotal  halves.  In  the  female 
the  male  genitalia  ai*e  simulated  by  a  development  of  the  elit4>ri^  into  a 
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sort  of  penifl,  a  nnion  of  the  labiu,  ami  nan-owing  or  even  closing  of  the 
ostiuJJi  vaginsp.     The  vagina  anU  iii-etlira  may  liavi*  a  coniraon  npening 

or  st^pjinit-y  opfuiugj*  he- 
lieath  the  penile  elitoris. 

Malfonnation  of  tlui 
external  genitals  cloeH  not 
tieeessarily  imply  inalfor- 
matious  in  other  p«»i-tioii» 
ttt  the  tiexiial  ai)i>ai*atus. 

1 .  V^rmJohiniuiphio- 
lUsHiUs  tnttiteuihnis  oceurs 
in  three  varieties: 

First.  Pseudohmmtph' 
rotjisnnis  masnilhius  iii- 
trnttfit.  Tlie  ext-enial  geui- 
taliH  IjeKmg  to  the  male 
type,  anil  tJie  prostata  is 
&lst>  developed,  but  is  usu- 
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Fir..  310,^  KxtemalRen- 
italia  nf  a  female  fake  her- 
njajihvo<lite  with  vaginal 
Kteiij>gis.  rt,  Clitoris  roscin- 
bling  peniH;  h.  Labia  ma- 
jora.  (Fivt'-uixthK  natural 
tdze.) 

ally  piereed,  generally  at  the  eollienlns  seniiuahs.  y»y  a  eaiml  which  eom- 
niuuieatt'K  with  tlie  nivthra  and  jwsses  alxivt*  'uiU>  n  rudinientjirv'  or 
more  or  less  wt'll-dpvelo|M.*<l  vagina,  an<l  fKrusitmally  ntcrns,  and  even 
tiiben.    The  inide  organs  may  l>e  well  developed  or  luoie  or  h-ss  niall'onnwl. 

^eaond,  jtsimhhermnphrffdiitniu.s  masculinus  comphitts  or  externns  et  ht- 
tentiKs.  Vagina,  nterns,  ami  tnhes  are  pivsent,  either  more  or  less  eoni- 
pletely  developed  or  in  a  rudiineutarj'  stiite,  and  the  external  genitalia 
more  or  less  resemble  the  fenuile  type.  The  penis  exhibits  tlie  eonditiou 
of  liytmspadia*  resembling  tlje  elitovis,  and  at  its  mot  there  is  usnally  an 
orifiee  leading  into  a  vestibule  wliieh  divides  into  a  nn.'tlini  tind  a  vagina. 
Sometimes  the  vestibnle  and  vagiim  are  separutt*.  In  rare  cases  the  ex- 
temnl  genitnlsnppt'nr  normal,  but  lln-  (K-niseontatUK  two  eimals,  oin*,  the 
upper,  iH'ing  the  urethra,  the  other  the  sexmil  passiage.  Where  tlie  duets 
of  Midler  ai*e  liighly  developed  the  vusa  defei*entia  aix*  fittjueutl^'  defec- 
tive, and  sometimes  the  vesieulft'  s<'niinales  are  wanting. 

Th'inl^ipitetuhhfrtiittphfotii.wius  umsftffiuus  tj-ftrntis.  Only  the  exletnjal 
genitalia  dejjart  frrun  the  male  ty[>*:  rrsembling  iiion*  or  less  perfectly 
those  parts  in  the  tVmale.  As  in  these  eases  the  bodily  habitns  often 
simidates  that  of  thi*  female,  they  may  readily  eanse  a  rnistiike  in  the  wx. 

'2.  Pst  udohcrntftpliroflistinis /('HI ininus  also  oeenrn  in  three  varietiet?,  but 
is  i*arer  tluin  tMiiseuIiui'  false  hernujphnnVi.sni. 

In psi'mhbi-rmapltroffisnnut  ff')uiiiint(.s  iutfnuts  nidiments  of  the  Wolffian 
duets,  lying  in  th«-  hroa^l  ligaments  or  in  the  utt-ro^aginal  walls,  and 
sometimes  extending  to  the  clitoris,  are  found  in  individuals  with  well- 
developed  external  genitals. 

PrtPiuloftornmpJttotll'imus  fi'Mitihiu.'i  fxternus  is  rhai'aeterized  by  external 
gcnitaliu  rt-senihling  (hose  of  the  male  (Fig.  310). 
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VseudohfriuaphroiiiAmui*  femiviHns  firfentHfi  et  ittteniug,  wliere  the  ex- 
U'nud  geiiitalH  reseinljle  tlie  inale  auil  tlieiv  is  a  I»ersiKt^^lu•t'  of  parts  at 
tilt'  Wolfflim  diK'ts.  has  htci]  its-onh-d  in  fnily  twn  ons*»s  (Mnno<%  Bouil- 
Intiil,  ami  L.  *le  Crecrhifi),  In  one  of  tho  cases  there  was  n  pntstat**,  in 
thL'  otlK*r  a  i)rostate  pierced  by  the  vajj^iua,  an  ejaculatory  diiut,  and  a  sac 
reseinbliug  a  seminal  vesicle,  which  opened  into  the  vagma. 

5.  Itottbtf  Maiforuiations. 
(a)  Complete  Duplication  of  the  Axi»l  StrtKturee. 

§  156.  Varieties  in  which  both  divisions  develop  uniformly. 

1.  Homologous  twins  result  when  lioth  ilivisiuns  di*vel(>p  unhindered. 
They  always  are  of  the  same  sex,  eaeh  forming  its  own  amnion,  thong^h 
wlieiv  the  two  ettnie  in  eontact  an  absorption  may 

tAke  place.    Tliey  possess,  almost  without  exception. 
a  eommon  pla^'enta. 

2.  Thoracopagi  are  fomis  in  which  the  tnnilis 
— i.e.,  thorives  and  alxlomens — are  eoaleseent  (Fip. 
31 1 ).  They  are  also  caUetl  omphnioinuji,  beeause  they 
possess  a  common  iiiivrl  and  ninhilical  cord.  Varie- 
ties of  this  niHlformation  are  distinfruislu'd  accord-  ^_ 
in(^  to  the  extent  of  the  eojdest_*ence.                                       ^  '  '> 

Xiphopotji  are  nnited  4>tdy  at  the  ensiform  ear- 


^: 


f/ 


Fio.   311. — Thorat'opa^s   iribruciiiuH  tripus.     The 
hand  of  llm  third  arm,  common  to  both  halves,  has  two 

dorsal  siirfac'ea,  and  tlio  laterally  distorted  fingers  possess  Fio.  312.— <  'ranio- 

nnils  on  lioth  t<ides.    The  third  foot  has  ei^ht  toes.  (^gus  panetahs. 
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tila^  by  a  hndpo  of  tl»at.  tissue.  The  peritoneiim  extends  iuto  the  bom  I 
b<'twt*eii  the  two  halves.  (The  weli-kuowu  Siamese  twins  l>elonged  iu 
this  division.) 

^tertiopufji  have  ii  ooniimm  tlnn*ax  ;  the  Hreniiiin  is  rithci*  double  or 
single ;  the  heart  also  eitlier  dotihle  or  single,  but  inalfonnetL  Thr  intes- 
tinal tract  is  in  part  common  U)  )>t)tli  halv4^s,  iu  ]mvt  dividt-d.  Th*'  liver 
is  double,  l>ut  the  two  portions  ai*e  eonneot^d  il>y  bridji;<'.s  oj'  hfpiitir  tissue. 
If  of  the  npper  i-xtreniities  tw4)  eoalesce.  the  nmll'orniatioii  is  di'sij^iiated 
as  fftonn'ofjfujHs  ivihvuchUis  (Fi^r.  -^11).  If  the  eoaloseenee  involve  tw<» 
lower  extremities  and  the  pelvis,  it  is  (h'sij^-nated  Jis  ihornroptujitit  frifnis. 
The  ooHli'set'oee  may  inehnle  not  only  tlmnix  and  ab<lc>nieii.  hut  also  the 
Itead  {prt>sftpo~thoftirojMt(fHs,  or  vtjthtth-thoi'orojMUjus^  <.*r  siptcrpholttn  (Fig:. 

31 S,  p.  42y).  iSiiice  in  these  eases  iM>r- 
tions  of  the  bniin  and  cephalic  ver- 
tebi*a»  nmy  also  bo  eoalefieent,they  nn^ht 
also  Im'  eljissed  with  the  double  niidfor- 
niutiuus  with  only  partial  duplieation  <if 
the  axial  stnietiuvs  (t'f.§  I't^).  The  liver 
of  the  fip-lit  twin  is  usually  transjK»se*l, 
wliirh  is  stmu'tiuies  the  ease  with  the 
other  viscera.  The  common  extremities 
often  show  di.stinet  traces  of  the  union 
of  two  extremities — e.^r.  extra  lt»f»s(Fijr. 
:]11)  or  two  dorsal  Kni'fa<-es  to  the  hand 
(Fijf.  Mil).  Tliorneopap*  are  anionfj 
the  most  eotnniun  double  malftmua- 
tions. 

;i.  Craniopaj^i  are  twins  united  by 
tht'ir  lu'dds ;  lu'i'ordiug  to  the  site  of 
uni<in,  tiiey  are  desiguateil  as  rntnio- 
jKujitH  fronfutis,  parietnih,  or  ocHpiUtlis. 
They  arc  ra!*e. 

•  4.  Ischlopaj:!  (Fig.  313)  are  unit4>d 
by  the  peh  es.  The  s^iiual  column  and 
pelvis  are  iluplicjite,  llu*  hitter  fonuing 
a  sii))jrle  wiile  riu^  in  which  the  sacral 
bones  stand  opiioj'ite  to  eiu'h  other.  This 
pelvis  carries  either  fiun*  or  two  extremi- 
ties. 


K 


Fm.  313.- 

l^vy.) 


rfr# 


-Iflohiopngus.    ( Kn>Tii 


In  preparing  the  tilnssifl cation  nf  fh>uhl('  umltoniialionH,  I  have,  in  the  main, 
followed  the  work  of  Ahlfeld,*  ami  thv  eliaiiti,'rM  on  I  his  Kubjeet  in  Perls's  '*  Allge- 
niciuc  Pntholo^e."  Forstcr  and  Marehand  group  these  malformations  into 
mtnt.tlrn  dupUcifi  cata<iitli/mu  or  ^iuplicittig  nnf^rhr,  nionntrn  dttplmn  ano'lidyma  or 
(fuplicitits  jtitstrriorj  iiu(\  immstrn  dufilicia  anacafttdidymu  or  dniMtritaH  ftaralMa.  In 
the  last  group  they  inelnde  also  the  purasilic  Ihoracopa^i  and  (he  rluichi[uigi. 
The  group  dupheituK  anterior  contains  both  synimetriual  and  asvaimetric*! 
pygopnjri,  iscluoiiagi.  dioephalua,  dipr<>s<>pns;  and  the  ^oiip  duplicitas  pos- 
terior, the  s.vmiuotricjii  aud  the  parasitic  foruLs  of  craniopagus.  sync*pli«lus, 
and  dipygus. 


§  l.")?.  Varieties  in  which  the  two  divisions  do  not  develop  uni- 
formly. 

•  **Die  MLSHhilthiugeu  *U'«  Meuscheu,"  Leipzig,  1880. 
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Auiiirifr  the.sf,  two  (rrouiw  may  be  distuipuisheU.  In  the  first  (^up 
thy  luniriHhnient  of  one  twin  i-s  uut  off.  It  difH  without  suffering  modi- 
fl<'»tinus  in  I'oi'ui.  In  the  8tM*<)ntl  f;:i*oup  one  of  tin*  twins  assumes  the 
luiurishnuiit  of  tlip  other;  the  hiUi'r,  whh-h  w  eaUeil  the  puf/nfife  (while 
tlic  I'uriiK'r  is  (iesi^nuted  nu  autosite),  then  suffei"a  more  or  less  in  its  de- 
Vflo|>iiifnt. 

The  i-etmpTrtdinjr  parasite  may  heconu*  more  or  h*ss  iticor(>onit*Ml  with 
tlie  autosite,  or  it  nuiy  be  counei'ti'd  with  only  the  iihuTuta  of  the  hitter. 

Tlir  following  forms  are  (listinguislied  : 

1.  Foetus  papyrac«us.  This  i'orm  results  f'rmn  a  too  intimate  rehi- 
tionshii)  Ix'twet'u  the  iniibilit^al  vi'sst'ls  in  the  eoinmon  |)hit'entA  of  distin(?t 
twins,  wlieiv,  anastontfiscs  hfiiifj^  establi-^ihwl,  one  twin  receives  notirish- 
mt'nt  at  tlie  exi>i'nse  of  tlie  <»tlier,  whieh  eventually  dies.  The  amuiotio 
Jluid  then  ct^a-ses  t^>  b**  fonned,  and  the  dead  fcetus  is  tMjmpressed  by  the 
ani^  whifli  continues  to  tlrv(h>p.  and  lieronies  tlat  and  tliiii.  In  other 
I'ases  the  denth  of  «»ne  twin  nuiy  be  oeeasitmed  by  ha^niorHmge  into  the 
ehorionie  villi,  4»r  )iy  toiiiou,  kinking,  or  conipn*ssiou  *d"  tlie  unibilii-al 
eord. 

2.  Acardiacus  {F\^,  3U  and  .'il '>).  Malfommtitms  in  wlueh  the  lieart 
fails  to  lit'velop  are  iuvariahlv  very  iniperfeet  product*!.  The  rudimentary 
fii'tus  may  be  eonncrted  witli  the  normal  twin  only  by  thr  plaeeuta,  or  it 
may  be  more  or  h-ss  intimately  and  extensively  uniteil  with  it  (ef.  Tera- 
tomata).  In  the  f^irnier  ease  the  m^ardiae  fcetus  is  designated  as  an  tilhtn- 
toil-  or phitfiifai  poyirsttf.  and  its  umbili<ral  vessels  eommuintrate  with  those 
of  its  twin,  the  lieart  of  the  latk'r  inaintaininjr  the  inn-uhitiou  in  both. 
Claudius,  Fdrster,  AhlfeUl,  and  (ithers  explain  the  production  of  acardi- 


Fig.  314. 


Pig.  316. 


<y^-. 


7^^^' 


^^ 


M 


t'. 


Flo.  314.— Acardiacus  aoephalus^show- 
injf  a  ruditnentarv  development  of  the 
lower  extremities  (acardiaeus  amorphos). 

Flo.  315. — AcardiacuB  aconnus.  (After 
Barkow.)  a,  Head;  6,  Rndiment  of  the 
left  upper  extremity ;  c,  Rudimentary  in- 
testine ;  d,  Artery ;  €,  Vein. 
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(ICU8  by  a  taitly  aud  insufficient  development  of  tlie  allantoic  of  one  ftptu*, 
which,  not  being  able  to  reach  tin'  ehoi-inii,  attaehes  itwlf  to  the  allantoic 
of  the  other  fo'tns.  Tiif;  heart,  whi^ii  the  lihjod-einTent  heconies  reversed, 
fails  to  develop  at  all,  nr  remains  rudimentary.  Tlie  lunys,  trachea,  jteri- 
cardiuni,  diiipiu-ngm,  Htcrnuni,  vert<,4)rff,  and  ribs  also  fail  to  develop,  or 
attain  only  a  nnbmeiitjiiy  development,  whieii  is  the  eai^e.  also,  with  llie 
liver  Hn<l  upprr  extremities.  The  viscera  t)f  the  abdominal  and  pelvie, 
eHvities  nsufilly  show  the  g:ivat<*st  development.  The  subcutaneous  eoii- 
neetivc"  tissue  fretpi'Mitly  attains  a  nmrked  dev»'lopinent,  i*e8nlting  in  the 
fornudioii  of  invjfulur  musses  of  tissue  (Fig.  314). 
Aeaixliacns  occurs  in  various  forms: 

{^0  Arunfitirus  amorphiis,  wliicli  is  rare,  is  ini  irre^uhu-  nuiss  covered 
with  skin  and  eontainin)yr  only  nnlituenls  of  orfjans. 

(/>)  Arrtiiliiirtts  tironiitis.  In  this  the  head  is  more  or  less  developed 
(Fiff.  ^il.*)),  hut  the  trunk  is  wantinir  *>v  rndiiumliiry.     It  is  vny  rare. 

{(')  ArfifiihwiiH  itff'phtihiH  (Fl^.  !U4).  Therr  is  no  head:  !he  thomx  is 
rudimentary,  while  the  jtelvis  and  its  adncxa  aiv  more  or  ]ess  well  devel- 
nped.  It  is  tin*  most  eninnion  viiricty  of  aeardiacus.  Subvan'cties  aiv: 
acepludus  syiiipus,  ii.  itiouopus,  ji.  dipiis,  a.  nioni>liraehins,  a.  diln-achius, 
nud  a.  pfiriu'cpfniluK.     The  hitter  possesses  a  rudiineutary  skull. 

;{,  Thoracopagus  parasiticus  results  when,  in  a  ease  of  thiirae* (parous 
twins,  one  fa*tii8  suffers  sueli  delieient  devi-Iopment  that  it  fontis  a  si>rt 
of  appeiidn^re  to  the  other.  The  union  in<'ludes  the  ensiform  process  and 
tluU  jiortion  of  the  nbdonitMi  exteiultnjx  from  it  to  tlic  umiiiUrns,  imd  the 
parasite  is  tlu-refore  freipieutly  desitrnated  as  t^pitfustritts.  It  rarely  jh>»- 
sesses  a  full  eomplouu-rit  <tf  IkkIv  piirts.  la  the  majority  of  cases  it  is  an 
acnrdijiens  m^i'phiihis  lU'  iiceu'mus,  whose  vascular  system  blends  with  that 
of  its  host.     This  nndfonnalion  is  rare. 

4.  EptKnattius  (Fijj.  'M<\)  is  n  prosoi>o-thoraconiipous  panisite  united 
to  its  twin  at  the  mouth  of  the  Iatt*'r,  fnun  wliicIi  it  ])rojeetfi  as  an 
amorplious  Tiiass  of  eartila^e,  connective  tissiic, 
plaudulur  and  iritestiiial  structures,  eerehi-al  tis- 
sues, teetli,  bone,  muscle,  and  huir-jirodncinjc  skill 
with  tin  exli'rriiil  eutani'cuis  nivrlope.  lu  very  rart* 
ciiscs  the  ri»iirnathus  spriuju^s  from  wmie  other  sitci 
— *'iX-,  tln'  orliit. 

r>.  Teratomata  is  the  mune  fjiven  to  tumors 
made  up  of  n  nundjer  of  vari<»us  tis-snes.  this  eoni- 
plexity  of  structiuv  distinguishing  them  from  other 
neoi)lasms.  »Some  of  them  contain  nulinu'iits  of 
skeletal  piirts — e.g..  n  spinnl  column,  a  ]H'lvis,  etc. 
— together  witli  rudiments  4»f  various  normal  or- 
gans and  tissues,  as  the  intestine,  brain,  various 
glands,  and  nervous  and  muscular  tissues.  Othors 
contain  various  tis.sucs.  such  as  mnsele.  curtilage* 
skin.  Ixine,  glandular  smu'tuns,  rysts,  etc.,  none 
of  which,  however,  are  so  fonned  or  groujicd  as  to 
represent  rudimentary  organs  or  skeletal  stnieture*. 
The  former  kind  are  certainly  to  Ik*  regarded  ait 
dwarfed  jMirasitie  twins  {ticartiiari  ituwrphi)  which 
are  intimately  united  to  their  hosts.  The  latt«r 
kind  are  ditficult  to  cliwsify.  It  is  pi'oba)>lc  that 
at  least  som*?  of  them  are  the  result  of  an  ^rni/tf 


Fig.   316.- 


Epig- 
nathus.  (After  It&n- 
««re«ux.) 
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dixturbance  in  the  development  of  a  .tingle  fa tutt  (eompai*e  also  §  137,  on  pp. 

3HI,  et.  mj.). 

Fj-oin  this  point  of  view,  epi^^tnus  aud  epiguathus  are  to  be  i-egai-ded 
as  toratoniatn  wJien  tliev  tall  short  of  a  o^srtain  degree  (»f  differentiation 
and  ilevelopmeiit,  Teratoniata  are  most  fre«iuently  formed  at  the  sacniin 
{sacrul  fet'tiionutttt,  or  teratoid  saerttl  tumors).  If  they  rewiuble  a  fu;tus  Id 
their  ext*n*iial  appearaiiees  it  is  fiisy  to  re<_'opuize  them  as  the  i*esidt»s  of 
twiu-formation.  The  tumor  is  then  called  an  epi}njifns.  The  diagnosis 
is  more  ditlii'idt  where  the  tum<ir  is  a  sliapeless  mtiss,  and  di']K*ndK  then 
upon  a  eat^'fnl  aiiatomical  {luid  miei*ofipo|)ieal)  study  (ef.  the  |)reeeding 
pages  and  §1-37).  It  mn:-^t  not  eseape  attention  that  jnyt  in  the  sjwral 
region  tunioi-s  of  ordinary  ennneetive-tissue  types  and  epitlielial  tumora 
are  of  not  infrerjueut  ocenrrenee  in  the  new-horn. 

6.  Inclusio  f(£talis.  The  tertitoniatn  just  referretl  to  often  show  an 
intimate  iniioii  of  the  parasitif  twin  with  its  host.  When  the  t^rat^id 
tumors  lii»  more  decitly  witldn  the  sulistanee  of  the  WfU-deVLdoi)ed  indi- 
vidual tliey  are  desif^njilcd  as  inrhtaious  and  are  classified  as  follows: 

(ti)  hirUfsio  nMomimifi.K  {euf^dstnif^). 

{ftj  fnrluttio  suhenttiUfii. 

(r)  fuehisio  ntedidstiualis. 

{(f)  luclHsiorfrebralis  {teratoma  yUiiidulft piuealin). 

(f )  Incltisio  festiculi  et  ovarii. 

Perls  refrarda  tlie  viewB  of  Claudius  with  refei-ence  to  the  origin  of  acardioous, 
whieh  have  been  aocopted  by  Forstcrand  Ahtfold,  as  inaileqiuit^.  He  assumes, 
with  Paiium,*  that  other  f actors— e.g-..  coustriotion  occasioned  by  the  membranes 
and  oord — may  cause  stunting  of  one  of  the  ftwtusfM,  in  wliicli  caHp,  provided 
lliere  bw  auHHtomose^n  witli  the  vesHels  of  the  other  Dornml  fw his,  the  Uittar 
assumes  the  uoutishineut  of  the  stunted  foetus.  He  support*  this  view  on  the 
observation  (Orth)  that  in  a  single  foetus  decapitation  may  be  occasioned  in 
this  way. 


(h)  Partial  Jhiptication  of  the  Axial  Structuna. 

§  15K.  The  hiler  in  the  devrlopnierdal  ehaiu  of  events  a  diiplieatioij  of 
the  axial  foetal  stnietures  takes  place  the  less  will  be  the  duplication  in 
till-  resulting  ])rodiiet.  The  most  euniinon  are  ilnplieations  at  tlie  t^<-]diali« 
end  of  Lilt*  tVjetus  {fernta  raiadidtfina,  diif/lirit/rs  anterior).  Duplication  at 
(he  caudal  end  is  nioit*  rare  {ierata  amtd'uitfrnn,  tfuftfinfas  jtoxtrrior).  KHi*er 
than  either  are  duplications  affecting  both  cxtivmities  of  the  foetus  {teratn 
amtniti(did)fni<f). 

Dupltcitas  anterior  is  most  freqneully  met  with  in  the  uialfonnation 
designated  as  diprosopus  (Fig.  317).  in  which  the  tWe  is  more  or  less  dupli- 
<'ated.  a-s  represented  by  i\u-  varietios  diprit.wpH!i  diyfomuA,  diophfimlmtts, 
triophthuhuHS,  tttrophthalwn.s.  dintns.  The  itiinitnum  degree  of  dupfiattiott 
is  that  of  the  htfpophtjsis  (Ahlfeldl. 

T>ieeph(t}us  is  the  name  given  to  cases  iu  which  the  he^d  and  nppcr 
eiui  of  the  vertebral  column  are  <lnplieated  ;  and,  according  to  the  number 
of  ui>per  extremities  |)reseut,  they  are  specified  as  dicephahts  dibrachius^ 
trdiravhiuft,  and  tetrubrachitts.  Tlio  last  ])0ftsessea  two  licarts  and  two 
bings  and  is  viable,  la  very  raiv  cases  one  half  remains  rudiinentar>' 
{dirfpJtahts  purasitirus). 

•Vireh,Areh.,n.Bd. 
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If  the  division  of  the  foetal  sU'uctiirt*  cxt^'iids  t^)  the  polvis,  so  that  the 
two  halveij  art?  united  only  hy  Uie  sacnmi  and  otM-eyx,  the  resulting  pro- 
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Fig.  317.— Dipmsopus  distomue  tetrophtlialmus  diotua. 

Fro.  31H. — Cleijlialotbomcopagiis  or  nyn(!<*plialuR  with  Janus-head.  Both 
anterior  and  posteiior  faces  are  malformetl,  liavnng*  only  one  eye,  and  a  noae 
feiwinbUnf;  a  proboticis  tdtuated  abuve  the  eye. 

dutitioa  is  ealled  pygopagus.  If  twins  urt*  united  only  ut  some  eirc^ini- 
scrilied  |ntrtion  of  the  verteVu'dl  eolunui,  and  are  .'i»*pnnit4'  both  anteriorly 
and  postmoi'lv  !<►  tlial  |Hfint  of  union,  the  tnulfonnntiou  in  ealled  rachl- 
pasus  or  duplicitas  parallela. 

Terutmuata  oecumng  at  the  sacrum  are  pi-obably  iu  pai't  inidimentary, 
aeanliac,  jiiirasilir  |typ)(»ap. 

DupUcitas  posterior  of  uniform  development  is  rai-e  in  man.  Iu  the 
least  ntftrked  eases  it  nmounts  niei-ely  in  a  dn])lieation  of  the  end  of  the 
spinal  coluuiu,  tho  pelvie  btiiiesaudorprans,  and  the  external  pMiitalia.  In 
more  ninrked  eases  the  lower  extremities  thow  more  or  less  dupliention. 
In  extreme  eases  the  whole  spinal  e.oluntn  and  back  are  double,  the  head 
uniting  the  two  iHwlies  {sff»rfii}nilitj<).  The  head  may  be  nimplc  or  show 
evidenee  of  duplieatiou,  sneh  ns  a  double  faee  {JflH».«-head  or  Juniftps, 
Fig.  318).  If,  as  is  often  the  ease,  the  thonu-i's  art^  also  to  some  extent 
united,  the  Janieeps  may  be  considered  us  a  ctphuhthorfimpaffun  (§  156). 

In  the  hitrh'T  depx-es  of  division  only  those  axial  struetures  which 
aw  situated  farthest  forward — Uyr  i-xainple,  the  brain  and  eraniul  verte- 
braj — remain  undivided,  and  eonsetpiently  there  is  no  sliai-p  line  of  aej 
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ration  iM^tw^en  synoephahis  and  n  chipliontion  with  coraplete  division  of 
tUe  axiftl  structures. 

The  two  fact's  ait*  usually  unequally  develojwd  {Jmiiceps  astpumetrns), 
and  frcquf^ntly  neither  is  well  fonnod  (Pif?.  318),  If  one  of  the  twins  is 
retarded  in  \\ti^vn\v\hn  Joints  pttrn si tictts  ivsults. 

f'ases  in  whi<*h  there  is  a  dujtUeation  of  thi* 
jjostt'Hor  jHPi'iiDii  of  the  spinal  coltunn  nut]  Ihe 
|K'lvis.  wlillf  the  head  is  sin)]»lo,  an*  eaUcd  flipffijiis. 
A  uuifonn  development  of  the  two  ]MM*tions  is 
very  rare  in  hiieli  eases,  sfj  that  (Hpyf/us  jKtni^iitints 
usually  rcKidta  (Fijyrs.  :i20  and  .'iJlil ).  The  partiHitie 
portion  is  more  hijrhly  developed  the  nearer  its 
situation  to  the  e.ephalio  eud  of  the  nutositf,  so 
that  if  it  have  a  thorax  and  upper  exd-t'mlties  it 
usually  spring  from  the  uumth,  neek,  or  diest  ^' 

Fio.  319.— DipVRTis  parasiticus.  (After  Sdienk 
Villi  Grftfenberg.)  Pttraeito  sprin^ng  from  thorax  of 
the  autosite. 

(Fi^.  319).  If  it  have  only  lower  extremities  they  arise  from  the  jwlvia 
{Ki^rs.  '.VlO  and  'V2\)  {pohfrneHa).  The  |wiraj^ite  is  alwnys  ai-anliae  and  in 
iuehided  iu  the  vnsenlar  system  of  the  autosite.  The  nulinieuts  of  the 
panusite  may  lie  ln'iieath  the  skin  *»f  the  ant^jsite,  fifrniiii)^  a  t^rntoid 
tumor.  \\\  very  rare  inises  the  tiuplieatious  are  restrieted  to  portions  of 
tlie  pelvis  ami  its  ettntents — e.g.,  tlie  genitalia  and  huus. 
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Fi«.320.~I)ipygiis  parasiticus.  (After 
Lnnoereaux.)  Parasite  ari&tiuK  from  the 
ptilns  of  the  autosite. 


Fio.  321.— Dipygus  parasiticus. 
(After  Licsching.) 


430  tbipijE  monsters. 

(c)  Tnple  Monsters. 

§  159.  Complete  division  of  tlie  germ  at  the  earliest  period  into  sev- 
eral pai'ts  may  give  rise,  if  development  be  not  checked,  to  homologous 
triplets.  The}^  lie.within  a  single  chorion,  and  there  may  be  either  a 
single  amnion,  or  each  foetus  may  have  its  own  amnion.  Frequently  one 
or  two  of  the  triplets  are  malformed  (acftrdiactis). 

Wliere  a  complete  division  has  taken  place  and  then  one  of  the  halves 
uuderg(»e8  a  further  partial  division,  thei-e  are  produced  within  a  single 
chorion  a  (hiihle  monater  and  a  simple  fveUis.  This  combination  is  imt 
very  rai*e. 

A  three-headed  monster  (tricephalus)  arises  from  partial  division  of  ait 
ali*eady  partially  divided  germ.     It  is  very  rare. 


SECTION  IX. 

Fission-fungi  which  Exist  as  Parasites  and  the  Dis* 
eases  Caused  by  Them. 

I.  Qeneral  Considerations  in  Regard  to  the  Schizomycetes  or  Pis- 

sion-fungj. 


1.  Qtmeral  Biohtnj  of  the  Fimfioti-fuagi. 

§  IGO.  The  Schizomycetes  or  fission-fun^i,  also  frequently  called 
collectively  bacteria*  lieloujj:  U*  the  protophfitfs — i.e..  tu  the  very  «»iulle»t, 
simplest  plants.  Many  of  them  are  m>  small  that  they  staud  \\\mn  the 
very  liorder-liiie  of  invisihilily  even  with  tlie  use  of  the  stmnp'st  system 
i\i  lensM.s.  When  I  hey  oei-iir  in  Hiiimal  tissii'^s  y^^^'y  JUV  theretVtre  often 
to  be  (Ust,inj^uiKlie4l  front  di.siuteiuri'ated  t'ell-pvoduits  of  the  tissues  only 
with  the  jj^reatest  trouMt' — i.e.,  only  hy  the  use  of  different  reagents  or 
Hifthods  of  Ktrtining. 

The  Ji.sxioH-fHittfi  throut^hout  are  (hroid  of  rhhroplif/l  uud  are  iiuirilhi- 
htf  rtryiintHms^  Imt  they  arc  oft^^n  t'ounil  uf^fjrejrated  in  sniidler  and  larger 
colonies. 

The  form  and  (tharat'ter  of  the  iudiWdual  eells,  ns  well  as  their  gi*owth, 
their  ilivision  anil  ivproduetion,  are  different,  anil  at  present  these  differ- 
euees  are  used  t^j  j^roii])  the  luicteria  into  different  peuera.  The  cocci, 
oftt;n  also  eulled  miei-oeoefn,  eoustitute  tlie  first  ^renus  of  fission- fungi,  and 
eotistantly  fieeur  as  Hj^herieal  or  oval  oells,  and  were  formerly  often  ealled 
spftitrobartfvio  (('ohn).  Six  fonnsof  growth  ean  Ijedistiutruished  aceord- 
iug  to  tiieir  grouping  in  the  ])roeess  of  n^produetiou  :  douhh  rorri  or  diplo' 
VHca,  t'hiiin-rocri  or  sttrpfoforri,  clustered  /■wr  (tr  staph yhtcorci^  fnbhf-formed 
rorri  or  mrt'isttuqmiia^  p<trkrt-ithaj)e(l  cocri  or  mrciuw,  and  tubular  cocci  or 
ascororci. 

The  bacilli  (rod-shanetl  htwteria)  form  the  se<Mm<l  elass,  which  Wiks 
fonnerly  divided  Viy  (.'ohn  into  microhuterin  and  dt.smolmrfrria,  ar^cord- 
ing  to  ihe  length  of  Ilie  rods.  Ah)ng  with  the  designation  imdHus  many 
authors  employ  the  name  riostridium  for  Imeilli  whieh  assume  spindle 
and  rlnl)  shapes  in  the  formation  of  si>ores-  Long  threads  an>  also  often 
failed  hplothrix. 

The  spirilla  (sei*ew-Uke  eoilwl  rods)  fonu  the  thiitl  genus.  Screws  with 
short,  wide  turns  aif^  called  spiriting  those  with  di*awn*oat  turns  tnbritiit^ 
those  with  a  long,  narrowly  twisted  screw  spirorhfh/f. 

All  of  the  bat^teria  as  yet  referr'e<l  to  (teenr  either  in  one  single  fonu 
of  growth  or  iti  a  very  limited  eyeh*  of  forms  of  growth,  and  may  there- 
fore be  grouped  together  as  monomorphic  or  oligomorphic  bacteria. 
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Cohn,  to  whom  we  are  indebted  for  the  fuiidumcTita!  investigation b  of 
tlie   )>actena,  united   under  this  term  exuhisively  thf^s**  oligomorpliic 

orf^niiisiiiK. 

Hfoeiitly,  however,  tliei'e  Ijiive  been  als(»  (jrganiisnis  elji«t;ifi('d  as  bae- 
teria  whirh  liave  in  their  orit(»<reneKirt  a  lonjr  scries  of  forms  of  growtli — 
le,.  foriiiinjjr  K|ilu'rii'jil  tells  as  well  as  rods  and  screws — wliieli  can  W  con- 
sequently called  pleomorphic  bacteria.  Heiv  heloiifj,  namely,  the  water- 
fun^  wliieli  jro  by  the  names  rhulothnx,  Imff/iufoft,  jiiid  crmofhrix. 

The  fission-fuup  are  idl  made  up  of  a  jtlasina,  or  cell-contents,  sur- 
rounded i)y  a  cell-membrane*  lioth,  according:  to  Xeneki,  eonsiMing  for 
line  most  jmrt  of  an  Mlbnmiiious  snbstaiici\  or  mycoprotein.  According 
to  observations  of  Seliotti'lins  and  ttthers,  it  is  possibK^  with  ^'ood  lenses 
t4>  differentiate  in  tlie  inside  of  tiic  bmMlli  oblong  bodies,  i!i  the  inside  of 
cocci  i*ound  bodies,  which  are  prol>al.ily  to  be  intei-pivtcd  as  cell-nuclei. 
Tliese  bodies  differ  optically  from  the  cell-protoplHsin,  and  <livide  in  two 
bcfoiv  tlie  division  of  the  cell  takes  ]»la*u'.  A4M'oi*diug  to  NiigeU,  Zopf, 
and  othere,  many  fission-funfji  |w>ssess  a  membrane  etnisistiiiff  of  eellu- 
lose,  i»r  lit  least  of  a  earl>ohy(li-ate  very  neai-ly  resemliling  eelluloKc.  This 
membrane  beeomes  turjnd  under  certain  i'oiidiU<ins  of  p-owtii  in  many 
of  tlie  bacteria,  and  fiM*ms  a  rupsnlf  havinjr  a  hyabne  ajipntmnee. 

In  all  forms  of  the  bacteria  cxce])t  tlie  cocci  wKuilerin*.''  motion  has 
been  <tl>served.  wliieii  is  brou^dit  about  bynu^nnsof  fine  flagellate  threads 
in  lively  vibration.  In  ndtlitiim  there  is  a  shiw  oscilhifovy  or  a  j;lidin|r  nntl 
crccpinff  motiitu  carried  on  l>y  the  contnu-iile  and  (lexilc  j>tasma.  Both 
fonrjs  of  niolioji  appear  only  under  certain  eonditi<»ns  of  nutritiun  and 
^'owth  ami  otdy  in  certain  species. 

Multiplication  of  th<'  Imcleria  takes  phiee  by  transverse  division  of 
the  cell,  which  jtreviously  prows  out  lon*ritudina]ly.  In  some  ff»nus  di\-i- 
sion  cjia  take  ])laee  in  two  or  even  in  all  tln-ec  (Hmensions  of  spa^-e. 
After  division  the  cells  se])urate  imnteilialclv  or  ri-niain  for  a  time  hang'- 
intf  ttt^^clhcr.  If  tbev  hanj^  to^-elhcr  after  fliviiliuif  aeeonlinj,'  to  the  first 
iiH'thod.  they  form  threads  {.^frfj'fororri,  hitfothi-'u) ;  aeeordinp  to  tlie  see- 
inuX  meltiod,  colonies  in  a  plane  are  formed  {mtrisuutpnliu) :  ai'conling  to 
the  third  method,  colonies  are  formed  in  a  solid  body  {sarciiKe).  Long 
thn-nds  can  bci'onte  scfnnented  into  shorter  ])ieec.s. 

A( nlin;;  lo  the  iuvestipitions  of  Hucliiir'r.  Lonjrard,  and  Ifiedliti.  the 

jwiiod  of  repr<nluetion — i.e..  the  leiitrth  of  time  fr<«m  one  cell-division  to 
the  next^in  the  clntlera-spirilhim  umler  favorable  eomlitionsof  nutrition 
varies  from  fifteen  to  forty  minutes. 

If  the  luicteria  in  tlie  peri<Ki  of  irst  atrj^reyrate  into  chllnl^s  in  couRe- 
(puMiee  <if  t'oustantly  ]a*ou:i't'S.MUf;  rei>roduction.  t>r  by  the  aceinriiilHtion 
of  nciM;^hlit>riiijr  erfis  anywhere  in  frreat  uulsscs,  tliere  arc  often  formi'd 
{flntiuous  e«tlontes  which  atv  <'alled  zoojflcea.  The  jelly  is  fitrnied  out  of 
the  cell-meuibrancs  of  the  fission-fnni^.  and,  a<u'oi*dinp  t<i  Xeneki.  also 
efm.Qistj*  of  mycifprotcin.  The  ^Hutinf>ns  mas.^es  can  nssiime  the  most 
various  shapes,  atul  reach  at  times  a  considerable  size,  fivniiintr  clumps  or 
patches  or  ropes  of  fi-tim  one  to  Ihi'ce  or  more  ecntimctrcs  in  diameter. 

Under  eertain  circumslaru'cs  ninny  of  the  tission-fnu'ri  form  spores. 
These  urc  cells  whieh  are  (iisiiutruishcd  by  the  fact  that  rhey  remain  alive 
under  conditions  in  whidi  the  ordinary  vei,^erative  forms  die;  and  more- 
over, wlien  they  are  pnt  into  fre-^)}  iiuti-ient  sobition.s,  tliey  *'rtn  prodnee 
a  new  jreneralion.  M<»st  fret[uently  the  s/ifin-fonutttifni  is  futhygnu^ — i.e., 
the  spoiv  unses  inside  of  a  cell,  espeeinlly  in  liaeilli,  and  is  developed  out 
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of  tlie  protopliism  of  the  ceU.  In  lin-  latter  u  sniuU  praiiule  appears,  wliieh 
prows  out,  into  an  tildimj;  <>v  ronmi.  lii)rlily  n'fractivc,  sliarj)!)*  t'ontoiired 
iMHly,  always  roinfiiniiijx  smitlliT  rluni  the  inutlnT-roll.  The  .spoi-e  becomes 
fitHf  Hftrr  tlie  disinti'^frntiun  i)f  the  mother-cell.  The  f<triuation  of  «i*- 
throsfions,  ubsenetl  in  iiMrnK'<K'ei,  is  said  to  lake  pltiee  by  the  a8sniiiption 
directly  of  the  eharactorislies  of  spoi-es  by  indiviilunl  riienil)ers  nf  a  colony 
or  of  1)111*  of  the  series  of  generations,  wliili-  at  tlie  snnic  time  they  either 
remain  externnlly  unaltered  or  tiikc  <»u  other  niorpholo^denl  peeujlnrities. 
Babes  <ind  Krnst.  by  speeuil  inethi^)ds  nf  staiuiiitr  with  LiifHer's  methy- 
lene blue,  lueiiihloxyUn.  and  I'liitner's  nnelenr  l>l:iek,  have  foimcl  in  the  in- 
terior of  different  f)aeteriii.  jtrrannles  which,  according  to  their  ltelia\'ior, 
pnibably  bear  smne  n-lutioii  to  the  cell-division  and  to  tht^  spore-forma- 
tion. Eni.st  desij^inites  the  bodies  fonud  \>y  him  as  sporageitic  ffrtntules, 
since  he  wrts  nbh-  tit  ti-aei>  in  some  Imcteria  the  transition  of  those  into 
spores.  He  is  inelincil  to  nttribnte  to  them  the  nntniv  of  a  eell-nneleus, 
a  view  a-ssenti'd  to  hv  Hiitwhli. 


§  1(>1.  Tlie  tission-fimpi,  owinp  to  the  absenoe  of  ehlorophyl  in  them, 
are  restricted  in  llieir  nutrition  erjtirely  to  rea*ly-formed  organic  sub- 
stances wliieh  are  soluble  in  water  and  whieh  are  supplied  fo  thrni  in 
an  ahnndanre  of  water.  They  need,  moreover,  various  mineral  sub- 
stances, espeeiidly  stdpinir,  ]ih<tsplntnis,  potiUs.sinm  or  rnbi«liniti,  or  esp- 
siiim  iind  r-jih'ium,  or  tnapiesinm  or  l>arium  or  strontinm. 

They  are  lapable  of  takiht;  ihcir  necessary  rutfum  h-oni  most  of  the 
cHrholiydi'ates  that  are  sobihle  in  water.  TheV  can  derive  their  earbon 
from  dilute  solutions  of  coniiionmls  which  Jn  j^realcr  concentration  ai'e 
destruetivc.  jis.  forexnmple.benzoi*'  aeid,ali'ohoI.sHlieyIie  acid. phi-nol. etc. 

The  fissioii-funj;(  derive  their  nilrinj*it  from  irllnoniinmy  nuitfrr:  moru- 
i>ver,  frr>m  those  compounds  whicli  are  (iesi^natwl  as  atuimtt  (iiiethyhimiiie, 
ethyhnninc,  jn-opylamine),  ttmitlo-iwifh  (asjmraffin,  lenein),  and  amulfit 
(oxaniide,  urea);  and  also  from  the  mintKHtht  snJt.%  and  ]>artly  also  from 
iiUniffs.  The  albuminates  are  ehaii^ed  into  peptones,  previous  to  their  as- 
similation, by  a  ferment  ^averi  utf  from  the  Ji-'^sion-funtri.  Fj*ee  nitriifjfcn 
(■annot  be  assimilaled  as  sneli.  Nitrop-nous  inifl  non-nilntjfcnous  com- 
pounds are  not  only  assimilable  as  svieh.  Imt  alsii  in  eomltination.  The 
ilssioii-fnn^i  can  derive  their  nilro^^-n  from  ammonia  ami  nitT*ic  a«id  only 
in  the  ]«vsence  of  or^'anic  carbon  eompoiiiiils. 

Aeconlini;  lo  Niij;eli,.s-«//i/(Mi'  isessetitijd  to  (he  fission-fun e"i.  and  they 
take  it  from  sulphates,  sulpint**s.  and  liy]>osnlphites.  They  take  the  other 
nii»rnil  jtithstaurfs  etiuiuerftttHl  above  fiimi  vanons  salt.s.  If  alon^r  with 
abiindanceof  nutrient  matt'riid  there  is  too  little  water  pri'sent.  all  furl  her 
^ntwth  eea-ses;  still  nmuy  lission-fun^ji  arc  able  to  dispense  with  water 
teniporanly.     Spores  suffer  very  little  from  the  ctTcets  of  drying?. 

Some  of  tlie  Hssi(»ii-fnii^i  are  restrieted.  fur  Iheir  Uiuirishment,  mainly 
or  exclusively  to  dead  organisms  or  to  solutions  of  oriijnnic  mattiT.  and 
belong',  tlierefoiv,  \o  tile  saprophytcs.  (>thei*s  are  also  able  to  derive 
tlieir  nutrition  from  livini;  animals  or  plants,  and  are  ther*»fore  to  be 
reefconed  rtunuiff  the  parasites. 

If  the  tission-fnnpi  prct  int<t  water  eontaininp  no  nntritive  material, 
many  <»f  them  die  in  tinu'.     The  sp<nvs  resist  the  lon^st  iu  this  resi>eet. 

Five  oxygen  is  necessary  foi*  the  gT^jwth  of  many  Iwicteria;  others 
can  disjK'nse  with  it  srt  lonp  ns  they  are  under  favorable  conditions  in 
other  iyspe<'tj4;  still  others  develop  <itdy  wliere  oxy^n  is  cut  off.     The 
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first  of  these  are  called  obligatory  aerobes,  the  second  facultative  aHaeroixs, 
the  third  obligatory  amterobes. 

Facultative  anaerobes  produce  in  part  fermentation  hy  their  nuUli- 
plication  in  the  absence  of  oxygen ;  but,  according  to  the  mvestigatious 
of  Fliiggo  and  Liborius,  fermentative  phenomena  seem  also  often  to  be 
absent.  Pathogenic  bacteria,  according  to  Liborius,  are  facultative  or 
obligatory  anaerobes. 

Carbon  dioxide  has  no  influence  upon  the  development  of  many  Imh'- 
teria,  as,  for  example,  upon  the  typhoid-fever  bacilli  and  upon  the  Fried- 
lander  pneumonia-bacilli.  Upon  others,  on  the  contrary,  it  has  an  in- 
hibitory action,  as,  for  example,  Bacillus  indicus,  Proteus  vtilgarisj  ami 
Bacillus  phosphoresvenSy  the  bacilli  of  anthrax  and  of  cholera,  the  pus- 
cocci,  and  others  (C.  Frankel).  The  bacilli  of  anthrax,  of  cholera  Asiatics, 
and  of  rabbit  septicaemia  die  out  in  a  few  hours  in  artificial  Seltzer  water, 
but  the  spores  of  authi*ax-bacilli  keep  alive  indefinitely  (Hochstetter). 

Intense  light  has  an  injurious  or  destructive  effect  upon  the  develop- 
ment of  many  bacteria,  and  consequently  infected  water  can  be  disin- 
fected by  light  (Buehner).  In  Bacillus  anthracis  the  virulence  can  !» 
weakened  by  sunlight  (Arnold,  Gaillard).  Anthrax-spores  die  out  when 
exposed  for  a  long  time  to  light  and  air  (Arloing,  Roux).  According  to 
Geisler,  the  green,  violet,  and  ultra-violet  are  the  rays  which  are  particu- 
larly injurious  to  them. 

According  to  Nageli,  Hauser,  Buehner,  Zopf,  and  others,  different  con- 
ditions of  nutrition  act  in  Modifying  thefortn  and  dimensions  of  the  fimon- 
fungi.  For  example,  bacilli  cultivated  in  different  nutrient  solutions  liave 
different  lengths  as  well  as  different  thicknesses.  In  many  varieties,  more- 
over, it  is  said  that,  in  one  nutrient  solution,  the  change  is  generally  into 
spherical  cells  and  short  rods,  while  in  another,  on  tlie  contrarj-,  it  is  into 
long  threads  (Zopf).  Finally,  the  physiological  properties  can  also  chanye 
under  different  modifications  of  nutrition. 

The  temperature  of  the  medium  suiTounding  the  bacteria  acts  gen- 
erally in  such  a  way  that  wlien  there  is  a  fall  the  vitHl  processes  become 
weaker  and  slower,  and  finally  eeavse,  whereas  with  elevation  of  the  tem- 
perature tlicy  rise  to  a  certain  maximnm,  and  at  a  sliglit  excess  alM)ve 
this  suddenly  ceas*^ ;  still  liigher  teni{)eratures  kill  the  fungi.  The  maxi- 
mnm of  i)en>iissil)U'  tempenitui'e  lies  at  a  diffei-eut  height  for  different 
fungi,  ami,  according  to  Nageli,  is  also  partially  dependent  upon  the  char- 
acter of  the  nutrient  substance. 

A  low  temperature  stops  development  in  all.  They  fall  into  a  state  *>{ 
numbness,  but  do  n<tt  die  even  at  very  cold  temperatxires.  The  rigidity 
due  to  cold  develops  in  the  individual  forms  at  different  tcm]>enttur**s. 
The  most  favorable  temperature  for  the  liarHhts  anthracis  lies  l)etwcen 
30^  and  40^^  C. ;  at  temperatures  ab<>ve  44^  C.  and  l>elow  loO  C.  there  is 
cessation  of  development.  Many  baxnlli  form  spores  only  at  high  tem- 
peratures. 

Boiling  water  and  steam  at  100°  0.  kill  all  ba<'teria  and  bm^t^'rial  spoivs 
if  allowed  to  act  tor  some  time.  Bacteria  and  thcii"  siH>res  l>ear  higher 
temperatures  in  dry  air,  so  that  a  temperature  of  140°  C  for  three  lioui-s 
is  necessary  to  kill  the  lattei*.  Many  Itacteria  are  killed  at  a  temperatun* 
of  60-70°  C\,  proxnded  it  be  kei)t  uj)  for  a  very  long  time. 

Anihrax-hacHU  raultiply  within  certain  limits  more  and  more  slowly  the 
lower  the  temperature  is.    Between  30°  and  40°  C,  growth  and  spore-formation 
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nsuaUy  cease  at  the  end  of  twenty-tour  houre.  At  25'^  (*.  the  time  required 
rises  to  from  thirty-Mve  to  t'ort^-  hours.  At  23^  0.  forty-ei|fht  t^t  fifty  hours  are 
required  for  the  spore- formation ;  at  20*^  C,  sevenly-twtt  hours.  At  18^  C. 
spores  uppeiir  ai  the  end  i*f  live  days;  at  W^  (*..  after  seven  days.  Below  15' 
0.  all  growtli  and  spore -formation  cease  (Koch).  Kpore -format  ion  still  takes 
place  even  at  42'^  (*. 

In  hot  tiry  air,  ba<'illi  free  from  spores  do  not  witlistaud  a  temperature  a  little 
over  100°  0.  for  an  hour  and  a  half.  In  hot  drj'  air,  spores  of  the  hacilli  are  de- 
stroyed at  a  teraperatui*e  of  140''  ( '.  at  the  end  of  three  liours.  The  teTiijiemture 
penetrates  tlio  objects  to  be  disinfected  so  slowly  in  liot  nir  that  ulijects  of  mod- 
erate dinieiiwions.  sueli  as  a  small  bundle  of  clothes,  pillows,  and  such  thinijs.  are 
not  disinfet'ted  after  three  or  four  hours'  exposure  to  a  temperature  of  140^  C. 
(Wo]fniu»r*d). 

AulhrHX-spures  die  in  hoiiing  irater  in  two  hours,  in  confnrd  sifom  in  ton 
nunutes ;  but  the  spores  of  the  {rarden-earth  bacillus  (jearden-earth  contains 
u^uulJy  a  peeuliai'  l>acillus)  are  not  kiUvd  in  tliis  time.  The  a<'tiun  of  steam  at 
105    C\  ffir  a  periofl  of  ten  minutes  kills  all  gpores. 

Wateri/  rapur  is  more  fffe-i-liv^'  when  in  motion  tlian  when  it  is  confined. 
It  then  kills  all  sjmres  in  from  ten  to  lifteen  minutes,  and  penetrates  very  well 
into  the  objects  to  be  disinfected  (Kocb.  Gaffky*  Liiffler).  In  disinfecting?  with 
boilinj;  water,  attention  miiHf  he  will  friven  that  the  heating  lasts  a  long  time — 
i.e.,  till  all  parts  are  heated  up  to  lOii"  C. 

According  to  Arloing  and  Duclaux.anthrax-bacilb  die  in  from  twenty-four  to 
thirty  liours  when  exposed  lo  the  direct  rays  of  the  sunj  spores  in  from  six  to 
eight  weeks. 


\  102.  If  tiss ion- fungi  find  themselves  in  a  niediutn  wbieb  suits 
tlh'in,  their  irinltiplieiitioM  fiin  still  be  bnmi^bt  to  a  stumlwtill  provided 
the  KuhI  I'ortiiiiii  substances  which  hinder  their  growth  or  even  kill 
them.  This  ettVet  is  prttdueed  liy  many  subpitaiices — snbliniato,  lysnl, 
earWdk*  ueid,  iodine,  ete, — <n't'U  in  i-tiniparatively  j^tvat  dilution.  Other 
subsUiiees  ojjerHte  injiirinusly  upfHi  the  bai'teria  only  when  they  are  in 
stronger  ecmeentmtion.  The  point  iit  wliieh  the  niuUiiiUeatioii  is  hiii- 
dcre*!  is  alwnys  reached  at  rnnrh  t^Tentei*  dilution  than  that  at  which  tlm 
btwterittare  killed.  Spores  are  niiicli  more  resiHtunt  than  the  vefjetjitive 
forms. 

Many  baeteria  are  vitv  sensitive  to  arids,  so  that  even  a  small  digreO 
of  aeidity  binders  the  growtli.  This  is  (rue.  for  exiiniple,  of  the  ur^^an- 
isrn  of  anthru.\  an<l  of  the  Fninkel-Weiubselbauni  pneuinoeoeens.  But 
still  some  are  able  to  ^-ow  with  u  nioderat*-  amount  of  aeid  in  the  nutri- 
ent fluid.  As  a  gem-nd  rule  tliey  nn^  s|M'cially  s4Misitive  Ui  tlie  mineral 
aeids,  but  the  pivw^-noe  of  a  hirjre  amount  of  eitrie,  butyric,  aeetie,  and 
Inetie  acid  also  liinders  the  midtiplieutinn.  In  this  eonnection  belonjys 
the  fat^t  that  the  products  of  deeonipositinii  caused  by  the  fi-rrnentativp 
a<'tion  of  the  fun^i  at  a  certain  dej^ive  of  cniieenlratiint  ar*:'  injin-ious  to 
the  developnieut  <if  ibe  fini^i.  and  fiiinlly  stop  their  jn'fiwtb  entiivly. 
Thus  in  bntyvic-acid  and  lactir'-ncii]  fcnrjcntjitNin  tiie  quantity  t>f  bntyrii? 
aeid  and  of  hictic  acid  (jradually  formed  may  litmlly  cause  cessation  of 
the  jn'o^vlli  of  the  fuiif^iis.  A  simiUir  result  oecnrs  in  the  baeterial  putre- 
faction of  albmnin,  .since  the  prinlnctH.  such  as  phenol,  indol,  skat^ol^ 
phenyl  aeetie  aeid.  phenyl  prjijiionic  acid.  ete..  hinder  the  furllier  develop- 
ment of  the  bacteria.  The  rtssion-fnn^i  arc  less  wnsitive  to  alkalis,  and 
nniny  of  them  can  bear  n  toh-rably  hijjh  d<'trree  of  alkalinity  in  the  nutri- 
ent lluiii;  but,  on  the  other  hand,  there  are  eertjtin  forms  which  do  not 
flourish  in  alkaline  Huids — e.p.,  acetic-jwid  funtftis- 

Multiplieutii/n  also  <'ea.*;ee  in  the  presence  of  a  supenibundance  of  uu- 
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tiient  niaterirtl— i.e.,  with  an  insuflkieni  amount  of  water.     The  fnct 

that  fruit  i-rcMTveU  in  siii^jtr,  mid  sitll***!  ami  ilrit^d  Hesli,  do  not  hivoine 
foul  dejieiuls  upon  this.  Fomi-slutTsi  niit  nho  he  |n*('stM*\('(t  by  depnving 
thorn  of  wiitcr  and  hy  tlio  addition  of  substaiiofs  whi<*h  an*  dissolv*»d  in 
the  tissuc-tlnids,  wnd  in  this  way  increajse  the  pr(>porti«»ii  of  sohd  matter, 
Tlie  limit  at  which  ch'vrlopmont  takes  plaee  is  reached  at  a  imieh  higher 
degree  of  humidity  for  the  fissitiu-fuiigri  and  yeast-fiingi  than  for  mnnld- 
fimgi. 

Aeeording  t(»  iiivestij^iitioiis  of  Pfcffcr  and  Ali-Colieii,  ininiy  motile 
haetrria  show  elu-motuetii'  proiHTtieh^i.c,  tiny  arr  atlraeted  or  rejieWed 
by  fhemieid  substances  dissolved  in  water.  The  )>acteria  swimming 
around  in  the  fluid  consequpntly  coUeet  together  Ht  phuvs  where  there 
aiv  chcmieal  sul»stane«'S  whii-h  attract.  Typhoid-fever  ba^'illi  and  eholera- 
5ipirilla,  for  example,  are  attrat'teil  by  the  juice  of  a  potato  (Ali-Cohen). 
Potassium  salts,  peptfine,  and  dextrine  also  act  by  attraetinn,  but  the  in- 
dividnnl  baelt'ria  behave  ditTi-rcritly  toward  these  subslanees  (Pfeflfer). 
Free  acids,  alkalis,  and  ulcxiliol  liiive  a  repidsive  iw-tion. 

If  a  nutrieiiH  tliud  couduns  oilier  lower  finijri  besides  the  bacteria  there 
often  tiikf's  jilaee  a  competition  between  the  different  mlcro-or^an* 
Urns,  ;ind  fission  finigi.  buddiuff  fungi,  and  mould-fungi  e«n  erowd  one 
another  out. 

If,  for  example  (Xiigclii,  fission-fungi,  ycjust-fungi,  and  nundd-fnugi 
ai*e  iutrtrtUieeil  together  into  a  stdution  of  sugar,  tlie  ftssi<m-fnngi  alone 
increase  and  cause  laetic-acid  fennentation.  Jf  to  the  smue  sobition  5 
jXM*  cent,  of  tartaric  jieid  is  added,  the  budding  fungi  ultMic  multiply  and 
cause  alcoliolle  fei'nientalion.  11"  4  nr  '>  jht  cent,  of  tartaric  acid  is 
added,  only  the  vegetation  nf  iin.nld  is  obt-aiued.  The  tuldition  of  the 
tartflric  acid  tlocs  not  make  tlie  life  of  the  other  fungi  impossible,  hut 
otdy  favors  the  develitjiincnt  of  one  over  the  other.  In  the  same  way  the 
budding  fungi  alone  (Icveloji  in  grajje-juice.  idthough  other  genns  find 
their  way  into  it,  and  the  Jis.si(m-fnngi  can  oidy  mtdtiply  and  produee 
acotic  aei<l  after  all  the  sugar  is  mn'tl  up.  Mould-fungi,  whieli  destroy 
the  aeid.  can  develop  tm  the  vinegar.  Snbsetiuently  fission-fungi  again 
appear  and  priMbice  initi-efactiim. 

Often  a  large  nuiulier  of  tission-fungi  develop  in  one  enlture-flnid,  and 
it  often  seems  as  if  they  favored  ont*  another's  growth;  still  a  reciprocal 
crowding  out  occurs  among  the  fission-fungi  themselves.  Tims,  ffir  ex- 
ample, cocci  i-nn  be  supplanted  and  ilestmycd  by  i)aeilli,  or  one  form  of 
bacilhiH  by  another.  This  wonhl  bap]ien  where  either  the  eom|M>sition  or 
the  temperature  of  the  nutrient  tliii*l  is  more  favorable  for  one  or  for  the 
iitlier.  or  also  where  i>ne  sjH-eics  of  Imeteria  forms  products  which  aet 
iujuri<Misly  n]Hin  tlie  other,  or  where  one  fonii  gi*ows  moi-e  ra|>idly  tlian 
tlie  other  and  in  this  way  takes  away  the  necessary  nutnent  material 
from  the  competitor. 

Aeeonlingto  the  in V4'stigatio!»s  made  by  Pasteur,  Enimench,"Ronchard. 
Woodhetid,  lilagovestehensky.  and  others,  tiie  untagonism  between  many 
bacteria  sliows  its  infinence  even  in  inocnhuioii  experiments  upon  animate. 
Hy  siFnnltane<ius  inoculation  with  ditTerent  bacteria  it  sometiiiiies  happens 
that  the  development  <jf  a  pntliogi-nic  fission-ftnigns  in  th*^  Itmly  of  a  Misy- 
ecptiblc  aninnd  is  hiTiden'd.  Thus,  for  exam|>le,  the  ilevelopment  of  tiie 
anthrax-baeilbis  can  W  hindeiwl  by  a  simultaneous  iuoeulation  with  ery- 
sipelas-eocei  (Hnnnerieh)  or  with  the  fiiirilhig pt/onjmintit  (Bouehardjl 
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SubHtanoeii  which  are  a^woially  a^iaptf  d  to  hinder  the  growth  of  the  bacteria, 
iiv  to  kill  tht'iu,  arc  usually  called  antiseptic  substances.  Th«  knowledjje  of 
ihi'ir  Hctioti  is  of  Lfifal  |irftvtieal  iiittre-'*!,  a.s  it  is  jHtsyible  in  this  way  with  thvir 
aid  to  reniler  solid  nr  fluid  bmlies  and  also  human  titfsu(*s  fret*  fnmi  bacteria,  or 
at  least  to  hinder  the  devel<»pmeut  of  bacteria  in  them  and  so  to  protect  the  bo<iy 
in  question  fntm  the  injurious  aotion  of  the  bacteria.  For  tlitrapeutic  and 
tiyifieuie  purpoHCK.  tiubinmUef  tt/solf  mrhotic  add,  und prtparaiionti  i>f  ivd'tue  uiv  the 
HUti^ptica  chiefly  ujsed. 


§  1(>:?.  Thr  (ffouih  ami  muUipVuutiou  of  ihf  Jinsiou-ftttif/i  ure  unifoftnhj 
acconif»ftiiit'ti  htf  ron.sidit'ahlt'  vhtiinffs  iit  thf  tis.sut:(  or  Jfuhla  ufmn  which  fhftj 
feed.  For  not  only  is  matmaJ  takf  u  away  by  osmosis  and  iiwil  to  l>uild 
up  new  funyiis-rells,  but  at  tbe^inie  tiim*  extensive  destructive  chemi- 
cal metamorphoses  take  pUice.  wiiich  affect  the  a-ssiiniliiti'd  HuhstanceK, 
as  well  M.s  also  tht*  siibstanees  outside  the  eells.  and  lead  to  a  deeoiniMtsi- 
rion  of  the  eouiplieated  Drjraiiir'  enjupounds  into  siniphr  bodies.  Tliese 
metauiorpliosi's  ace  due  !(►  tfa'  vital  activity  of  tlie  protoplasm,  and  can 
be  re^'-iirded  as  fermentation  processes. 

As  to  whether  the  deeonipositioii  iii  fermentation  takes  place  inside 
the  fellN  t>r  tm  their  surface  is  not  yet  deeidc<l,  but  the  latt^rr  is  the  moro 
probable. 

In  the  deeoinposition  eaiiseil  hy  the  fisHiitii-funpi  there  aiv  niuneroiis 
products  fonned,  whieh  vaiy  according  to  the  ebanieter  of  tlie  nutiient 
fluid  and  the  form  of  the.  fi.ssion-funjrus,  A  Ussion-fnupis  can  only  pro- 
duce fermentation  when  an  adequate  fennentative  niat^'rial  is  pirsent  for 
it.  Many  fnn^i  can  4lo  this  as  well  in  the  presence  iw  in  the  absence  of 
oxvf^en.  In  some  id"  them  paueily  of  oxyp'U  is  c.<sentiab  Fermentation 
'\&  unknown  iu  some  >d"  the  tissio!i-fuu^''i. 

The  fermentations  cauM'il  by  the  iission-fnngi  constitute  essentially 
much  of  the  ^lceonl|lo^ilil^n  ^>iu^  on  every  day  on  a  larjje  scale.  Thus, 
for  example,  they  (vre  the  cause  of  the  stinkimj  ptit refaction  of  ulbumin;  they 
chaiujf  inilk  into  fttrfir  and  {sour  milk);  nuinnitt.  tUxti'iue,  ijhjen-in,  smjtir  of 
milk,  sttirrh,  nml  htrtic  avid  into  butyric  uritl  {frrmentfiHtm  of  sanerkrnut); 
sto/itr  into  a  tjitmmif  slime  {.sorttllnl  "  tntujer  Wtin  ");  alcohol  into  antir  ari<l ; 
ui*ea  into  varhonatv  tf  ammonia. 

In  the  putrefaction  of  albumin,  peptones  and  siinihir  bodies  are 
first  f»u-nied  ;  tlien  afterward  alkaloidal  bodies,  so-cnlled  ptomaines,  as, 
fur  exam  ph',  the  putri^l  poison  of  Piinum,  sepsine  (Bii'^mann,  Srhmiede- 
berer),  coHidiue  (von  Noiu'ki),  pe|)totoxin,  neuritline,  nenriue,  choline, 
tetatiin,  ctbyh'udiaTiiinp,  eadaverine  or  peiitametbylendijinnne,  putrescine 
or  ti'tnimethyh'iidiamine,  substances  rescmblintr  ^^adinin  and  muscarine 
(Briejfcr);  then  next,  nitrogenous  bases:  Icuein  mnl  tymsin,  aniiue, 
methyl-,  ethyl-,  and  pnfpylaniinc:  more<ivcr.  organic  fatty  acids  :  I'onnie 
iwid,  acetic  acid,  propionic  acid,  butyric  acid,  valeriimic  acid,  jialmitie  acid, 
marjraric  acid,  lactic  acid,  succinic  acid,  etc. ;  furtbermoi-e,  aromatic  prod- 
ucts: ind<d.  phenol,  cresfd.  pyrocateoliin,  hydn»eliitu>n.  hydroparacumaric 
lu'-'uh  and  para-oxyidicnyl  acetic  acid  (von  Nencki,Sjdkowski.and  Hricfjer) ; 
finally,  sulphuretted  hydi-ofjen,  ammonia,  carbon  dioxide,  and  water. 
Besides  the  bodies  enumernt<Hl  above,  there  result  from  the  |rn)wth  of 
numerous  putho(rcnie  baeleria  albuminous  bodies  which  act  iu  a  poison- 
ous nuuHier  njion  the  human  and  animal  organism,  and  nm  ttiert^fore 
culled  toxalbumins. 

The  ju'oduets  namwl  are  formed  partly  by  hydration,  partly  by  redno- 
tioti,  [laitly  by  oxidation. 
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Along  with  the  fermentative  action  the  fission-fungi  also  give  off  dis- 
solved substances  which  produce  decomposition,  are  known  as  unformed 
ferments,  and  may  be  separated  from  the  fungi.  The  unformed  diasta- 
tic  ferments  convert  starch  and  cane-sugar,  and  perhaps,  also,  lactose  and 
cellulose,  into  grape-sugar,  and  the  insoluble  peptone-producing  albu- 
minous substances  into  peptone.  In  consequence  of  this,  milk  may 
undergo  an  alcoholic  fermentation,  and  insoluble  albuminoid  masses 
may  undergo  putrefaction. 

According  to  the  investigations  of  Winogradsky,  there  are  also  living 
bacteria  in  the  soil  which  are  able  to  form  nitroits  and  nitric  add  mtt  of  am- 
monia; and  he  calls  thesCj  accordingly^  nitrifying  or  n It ro- bacteria.  Along 
with  the  nitrification  of  nitrogen  there  tdtes  place  simultaneously  a  de- 
struction of  the  eartliy  alkfdi  carbonates,  as  shown  by  the  fact  that 
the  nitrobacteria  are  able,  in  the  absence  of  organic  carbon  compounds, 
to  derive  the  carbon  necessary  for  the  building  up  of  their  cells  from  the 
salUi  of  carbonic  acid.  There  takes  place,  therefore,  as  a  result  of  the  A^ital 
activity  of  these  organisms,  a  synthesis  of  organic  material  out  of  inor- 
ganic substances. 

Under  the  influence  of  the  fission-fungi  there  are  formed  bitter,  sharp, 
disgusting  substances  that  are  but  little  known.  Milk  that  has  become 
bitter  affords  an  example  of  this,  Fui'thermore,  they  occasionally  pro- 
duce pigments  of  red,  yellow,  green,  blue,  and  violet  color.  Thus,  for 
example,  a  blood-red  coating  of  Bacillus  prodigiosus  forms  on  bread  (bleed- 
ing bread) ;  moreover,  bandages  and  pus  sometimes  turn  blue  in  conse- 
quence of  the  presence  of  the  Micrococcus  cyaneus.  On  the  surface  of 
}x>iled  eggs  exposed  to  the  air  in  a  moist  place  there  appears  usually  veri* 
quickly  a  yellow  coating,  formed  by  the  Micrococcus  Inteus. 

The  phosphorescent  phenomena  to  be  seen  not  infrequently  on  putre- 
fying sea-fish  depend  also  upon  bacterial  products  of  decomposition,  as 
proven  by  Pfliiger,  and  api)ear  where  there  is  a  lively  reproduction  of  the 
bacteria. 

Ffnnenfation  and  pufrefacfion  can  only  occur  where  the  fungi  concerned 
live,  and  the  extent  of  the  decomposition  is  conditioned  upon  the  number  of 
fungi.  One  specific  fungus  form  does  not  occur  alone  in  everj'  decom- 
position, and  a  single  fungus  f(trm  oft^n  causes  not  alone  one  kind  of 
decomposition.  The  ordinary  stinking  putrefaction  of  albuminous  sub- 
stances develops  under  the  influence  of  different  bact^^ria,  bxit  esi>ecially 
under  that  of  Proteus.  According  to  Cohn,  the  cocci  do  not  i)roduce 
])utrefacti(>n,  but  decompositions  <tf  another  kind.  Butyric-acid  fenneu- 
tatiou  is  said  to  be  In'ouglit  about  mainly  h\  the  Clostridium  butyricuw. 
Anthrax-bacilli  ]>r<>du('e  ammonia  in  nutrient  fluids.  In  putrefying  sub- 
stan<'es  arc  found,  for  the  most  ])art.  many  kinds  of  fission-fungi. 

According  to  Niigeli,  it  is  ]>ossiblc  by  cultivation  to  change  the  prop- 
erties of  a  fission-fungus  in  snch  a  way  tliat  it  will  no  longer  be  able  to 
bring  al)out  the  decom]>ositious  which  it  previously  caused,  but  it  will 
cause  some  other  fermentation.  According  to  him,  it  is  possible,  for 
i'xamplc,  to  change  by  cultivation,  in  meat-extract  containing  sugar,  the 
fission-fungus  whi(;h  causes  lactic-acid  fermentation  in  snch  a  way  that 
when  it  is  reintroduced  into  milk  it  causes  an  ammoniacal  decomposition, 
and  it  only  regains  the  power  of  ]>ro(lucing  lactic  acid  after  many  genera- 
tions. Accordingly  the  physiologiciil  i)ropcrtics  of  a  fission-fungus  are 
capable  of  a  change  witliin  certain  limits;  or,  at  least,  with  changes  in 
the  conditions  of  life,  different  proijcrties  ]>redominate. 
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The  first  investigations  to  establish  the  chants  cbaraoteristic  of  putrefaction 
■were  nmdo  by  Th.  Schwann  and  Franz  Schnlze,*  in  the  middle  of  the  fifties,  and 
upon  the  results  of  their  experinieuti^  they  expressed  the  opinion  thai  feriuouta- 
tion  nndputrefuctioii  depen<I  upon  the  |jrt!i»enee  of  verv  small  or^ranisms.  Almost 
at  the  same  time  (IS57)  t'aptaiMl-Latimr  ol)sei'\-ed  ifie  muhiplii'atii>n  of  yeast- 
eelLn  ill  aleohoHe  fernicntatJoJi.  The  ul>serN-ntion  madt*  by  Schwann  was  8ul>8e- 
out'iitlyeorrciborated  by  Hclmholtz.  H.  Sclu-oeder  and  von  Uusch  then  showed 
tiiat  by  lilterin^r  through  eoTtou-wooI  ihf  air  admitted  to  a  rtui<i  capable  of  fer- 
mentation, and  als<j  by  the  action  of  liitrlicr  temperatures,  the  appearance  of 
fermentation  may  be  hindered. 

Sinoe  the  investigations  of  Hi'hwaun  there  Irnve  been  ailvanced  many 
hypotheses  upon  the  cause  of  fermeutjitinn,  especiallv  npon  the  alcoholic  fer- 
Tueiitation  caustMl  by  the  veast-funffi.  Certain  authonties  have  soujrht  to  bring 
these  processes  in  immediate  relation.'ihip  to  the  life  of  the  cells  causinp  the  fer- 
mentation; others  have  souKhl  io  separate  them  from  the  latter.  AcL'ordiug  to 
Liebi^,  the  pr»»fes«  ih  due  to  a  moIe<*ular  movement  which  an  unfnniied  ferment 
or  a  IkmIv  in  a  stat^*  of  chemical  acti%'ity — i.e.,  decompiising — inii>arts  l<>  other 
bodies  whose  elements  are  not  held  strongly  together.  According  to  Iloppe- 
Seyler  and  Traube.t  the  c<?11b  excrete  certain  substanees,  so-eulled  unformed 
fernients,  which  cause  decomposition  bv  eontact  action — i.e.,  merely  by  their 
presence,  without  taking  part  chemically  or  entering  themselves  into  a  com- 
pound. 

Acconling  to  Pasteur.t  fermentation  is  dependent  dire<*tly  upon  the  life  of 
the  fermentative  cells.  It  tmly  m-curs  when  free  oxvjren  is  lacking  to  the  cellar 
so  that  these  have  to  take  tfie  oxygen  from  the  c^einicJil  compounds  in  the 
nutrient  fluid  (cf.  ^  161).  In  this  way  the  molecular  balance  of  llif  hitter  is  de- 
stroyed. According  to  von  Neucki,  also,  anaerubiosis  is  to  he  regarded  as  the 
cause  of  the  different  kinds  of  feriuentuliim.  Since  the  fermentative  organisms 
derive  their  oxygen  not  out  of  the  air,  biii  out  of  the  initrieut  substance,  there 
appear  ctnistantiv  also  rediictiiui  lunduets — alfohnl,  butyric  acid,  etc. — along 
with  the  end-product,  carbon  dioxide. 

According  to  Niigeli's  wolfcuiar-phifsiixil  theory.^  fermentation  is  a  transfer 
of  moleculjLf  nmtion  fnmi  the  living  protoplasm  t(>  the  material  undergoing  fer- 
meiitatiim.  This  motion  is  present  in  the  molecideh,  groups  of  atoms,  and  atoms 
of  all  substances.  The  compounds  forming  the  li^nng  pi-otoplasm  remain  them- 
selves unchanged,  but  by  the  transfer  of  molecular  motion  they  destrov  the 
equipoise  in  the  molecules  of  the  fennenting  substance,  and  these  become  ^in- 
tegrated. 

Tlie  power  to  i>roduee  fermentation— i.e.,  decomposition — in  the  nutrient 
fluid  is  very  likely  n<tt  only  a  property  «)f  fission-fungi  and  veast-t'ungi,  but  also 
of  the  cells  of  more  highly  organized  bein^,  therefore  ahjrt  o^  man.  According  to 
Voit,ll  the  decomposition  of  thediswilved  albumin  circulating  in  the  orgimism  is 
attributable  to  a  fermentative  a<*tivity  of  tlie  cells.  Pastern-  has  sliowu  that  fruit 
and  leaves  possess  fermentative  properties  under  suitable  conditions. 

As  already  remarked,  the  amount  of  oxj-gen  present  has  considerable  effect 
upon  the  deiH>mposition  caused  by  fiBsion-funpi.  Pasteur  states  that  fungi  tJiat 
grow  in  the  presence  of  tixygen  produce  principally  oxidation;  those,  on  the 
contrary,  that  grow  without  oxygen  produce  decomposition  without  oxidation. 
Hoppe-Seyler  ^  corroborates  the  fact  that  the  presence  of  an  abundance  of 
oxygen  retards  the  decomposition  of  sugar  into  alcohol  and  carbon  dioxide  by 
3'east,  while  at  the  sjuue  time  volatile  acids  are  formed  in  abundance.  If  bac- 
teria develop  in  an  albuminous  fluid  with  abundant  access  of  oxygen,  all  of 
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those  substances  vauUb  which  cuustitute  au  important  part  of  the  products  of 
decomposition  in  tbv  presenre  of  a  paucitv  of  oxyfj;en — imnielv,  iudol,  hydrojMir- 
aimmarif!  acid,  Rulphitretled  hydrog-eu.  The  oxvgeu  niunt  tfifrefore  act  by  in- 
duoiug'  uxidatifm,  and  the  pniductj*  of  ffnnenttition  stiiTer  further  chanfres. 

Aloiiff  with  fermeutatiou  and  pntrefat'iion  which  result  from  fiinjfi.  there 
are  other  decompositions  of  organic  aubstanees  in  the  production  of  which  the 
fimgi  luive  no  part.  These  coii8i;tt  mainlv  in  a  slow  oxidation  or  huruin^,  in 
which  cjirbon  <li(>xi<]e  and  water  are  forme<f^  and.  in  the  caae  of  nitrogenoun  sub- 
slanceH,  h1s*>  ammonia.  This  form  of  decomposition  Xs^kes  place  under  con- 
ditions where  atniospheric  air  and  moisture  are  in  contact  with  organic  matter. 
Moreover,  it  also  takes  place  in  the  H\inf;  i^trganism.  In  dead  org'anic  tnatt^^r 
this  answers  partially  to  the  process  usually  called  mouldering, 

2.  General  Cousiderfttiou.H  coHrfntimj  fhr  Pafhoffmir  Fission'fnwji  ami  thrir 

Behimoi'  in  thr  Ifumiia  Organism. 

§  164.  As  has  beeu  alrea4ly  explained  iu  4§  Ki  aud  14,  there  are  among 
the  flssiou-fim^  numerous  species  whirh  ai-e  i-apahle  of  pr<Kinriiijr  disease 
processes  iu  the  huniau  or«;aniKni,  and  they  ui-*.*  tlieirfore  called  patho- 
genic  fission-fungi.  The  lirst  e<mditi«iu  of  such  aetiou  is  evideiUly  that 
the  bacteria  eoneorned  must  ]H)s.sess  pro]HTti«'s  eitnbliui:^  them  to  multi- 
ply in  the  tissues  <if  the  li\*infr  luiniiin  lw>dy.  They  nuitst  eonsequently 
find  ill  tho  t,i».<iiofi  the  suitable  nutnont  material,  and  in  the  body-temper- 
ature the  wannth,  ueeeswiry  to  their  ^rrowth.  The  tissues,  moreover,  niunt 
not  euntain  substances  which  are  a  hiiidi-anee  to  their  growth  (cf.  ^$  26 
and  2!)). 

If  pathoj^enic  fissionfunp  succeed  in  (rrowinf:  in  tlie  tissues  of  the 
body— i.e.,  if  infection  takes  place  fcf.  §  14) — their  action  is  in  genei*al 
chai'acterized,  at  the  ])oint  of  multipliralion,  )»y  flttjf^nf ration  (Fig.  322,  r)^ 
necroxis,  iuftummtition  (?),  and  tifir  tjrottth  of  tifisn*.,  while  the  toxins  and 
toxaUfiimins  prtKluced  by  them  aiusf  mnniffntationH  of  j)oisouing. 

But  in  individual  ea^es  the  diisease  prc)ees.s  assumes  different  forms, 


:« 


!\  V 


'0r 


.-?,1 


ice:-»:j|W«/ 


Ci,ov^>— - 


Fig.  322.— Section  through  a  vocal  cord  of  a  child  with  streptococcus  colonies 
upon  and  in  the  epithchum.  d.  Epithelium;  h,  Connective  tissue  of  the  maoous 
membrane ;  r,  Swollen,  depeiierateil  epithelium,  in  part  devoid  of  nuclei ;  </, 
Layer  of  cocci ;  e.  Reactive  smalUcell  infiltration,  partly  inside  the  defjenerated 
epithelium,  partly  in  the  connective  tissue.     (Magnifierl  2lM)  diameters.) 
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iu  that  the  distribution  of  the  bacteria  iu  the  orgauism  aud  their  local 
action,  as  well  as  the  production  of  poisons,  dififer  greatly  in  the  different 
forms  of  bacteria. 

In  many  of  them  the  local  action  upon  the  tissues  conies  to  the  front ; 
iu  others  the  gejieral  intoxication.  Many  ba<;teria  confine  themselves  to 
the  region  in  which  they  have  found  entrance ;  others  advance  uninter- 
ruptedly into  the  surrounding  neighborhood;  still  others  are  carried  by 
the  lymph-  aud  blood-currents  and  lead  to  the  formation  of  metastatic 
foci  (cf,  §  18) ;  aud  finally,  still  others  increase  in  the  blood. 

If  a  spread  of  the  bacteria  takes  place  through  the  blood,  the  hiicterla 
may  go  from  the  mother  to  the  fcetim  during  pregnancy,  since  the  placenta 
forms  no  certain  filter  against  pathogenic  bacteria. 

This  has  been  pi-oved,  for  example,  for  anthrax-bacilli  (Straus,  Cham- 
berland,  Marchand,  Malvoz,  Latis,  Birch-Hirschfeld,  Perroncito),  for  the 
bacilli  of  symptomatic  anthrax  ( Arloing,  Cornovin,  Thomas),  for  the  bacilli 
of  glanders  (LoflBer,  Mallet,  Cad6ac),  for  the  spirilla  of  relapsing  fever 
(Albrecht,  Spitz),  for  the  baeiUi  of  typlioid  (El>erth,  Neuhauss,  Reher, 
Chantemesse,  Widal,  Ernst),  and  for  the  pneumococcus  (Netter,  Fohj  Bor- 
doui-Uffreduzzi).  According  to  certain  observations  of  Malvoz,  Bircli- 
Hirscbfeld,  and  Latis,  changes  in  the  placenta,  such  as  htemorrhages,  loss 
of  epithelituu,  alterations  of  the  vessel-walls,  favor  the  transmigration  of 
the  bacteria.  Bacteria — as,  for  example,  anthrax-bacilli — can  grow  through 
the  tissues.  The  passing  over  of  bacteria  from  the  mother  to  the  foetus 
presupposes,  as  a  rule,  that  after  the  entrance  of  these  organisms  into 
the  circulating  blood  of  the  mother,  the  latter  shall  remain  alive  at  least 
loug  enough  to  allow  of  the  transmigration. 

Tlie  bacteria  which  succeed  in  multiplying  in  the  human  body  die  ont 
again,  in  many  cases,  in  a  short  time,  and  the  diseases  caused  by  them  pro- 
ceed to  recovery  (cf.  §  27).  Nevertheless  it  also  not  infrequently  happens 
that  they  are  preserved  for  a  Jong  time  in  the  body,  and  either  continuously 
cause  disease  processes,  or,  on  the  other  hand,  remain  iu  a  state  of  ina**- 
tivity,  so  that  no  disease  pi-ocesses  of  any  kind  are  recognizable  ////,  after 
a  shorter  or  longer  period  of  latency,  a  lively  multiplication  takes  place,  and 
along  with  it  new  manifestations  of  disease  show  themselves. 

Not  infrequently  a  secondary  infection  associates  itself  with  an  infec- 
tion alrewly  existing.  The  relation  between  the  two  infections  is  either 
that  the  second  occurred  accidentally  after  the  first  l>e<rame  established,  or, 
on  the  other  hand,  that  tlie  way  was  prepared  by  the  first  infection  for 
the  subsequent  one  (cf.  §  14). 

Finally,  double  infection,  where  two  or  even  more  forms  of  bacteria 
come  to  development  in  the  tissues  simultaneously  and  exert  their  de- 
structive influence  upon  them,  is  not  an  infreipient  occurrence. 

§  165.  Each  pathogenic  fission-fungus  has  a  specific  action  upon  the 
tissues  of  the  human  l>ody;  but.  nevertheless,  different  species  of  fssion- 
fuugi  may  exert  similar  action.  Thus,  for  example,  various  bacteria  can 
cause  suppuration.  Consequently  it  is  only  in  a  certain  proportion  of 
cases  that  the  morbid  changes  in  the  tissues  are  so  characteristic  that  the 
species  of  the  pathogenic  fission-fungus  can  be  recognized  with  certainty. 

It  has  been  demonstrated,  moreover,  that  tlie  pathogenic  properties 

of  ttie  bacteria  are  not  entirely  constant;  that,  on  the  contrary',  their 

virulence  varies,  so  that  bacteria  that  cause  severe  or  fatal  infection 

may  become  changed  through  external  circumstances ;  that  is  to  say,  may 
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become  weakened  so  that  they  either  loee  entirely  the  jiower  to  produe<^ 
pnx*es»es  of  disease  in  the  orjranism,  or  at  h-n-st  o«u  rtnly  crttLae  mild  f<»mi** 
of  di>ease.  TLi»  jiofiiliarity  i^  nt»t  alnne  of  the<>retii'Hl  iultrest,  but  in  a!hni 
of  high  praeticjil  intfr^*st.  It  I'Xplalus,  on  the  one  hand,  to  a  certain  ex- 
tent, why  a  I'ertain  inftn-tion  <hH*K  not  always  run  the  same  eoursi*.  and, 
moreovtT,  why  aloufrsidt'  of  severe  attaek-s  lifrht  oneH  also  oeeur.  On  the 
other  hand,  ifaffords  n.s  the  possibility  of  nbraining  materini  for  iuocultt- 
fion  from  nttenuat*»tl  enltnres  of  bacteria,  by  mean»  of  which  slight  de- 
grw's  of  iiife<*tion  auil  ah**)  jili^ht  dcgreet*  «tf  iutoxi<'ati<tn  ean  be  pnHluee*!, 
whieh  pwtect  the  oi^anism  from  severe  infection  or  cure  an  infection 
that  has  jiln'july  tnk*'ii  jtlju't*  (rf.  i  '29). 

Attenuation  of  the  pathogenic  properties  of  a  fission-fungus  can 
l>e  effe*^ted  by  allowing  hij^her  teniiK'i-nturi'.s  oxyjren  or  lijflit,  or  chemical 
antii^eptic  substances  to  a<'t  in  a  suitable  manner  upon  the  fultiires* 
an  weU  HM  by  eultivtiting  the  funguN  in  the  ImmIv  of  animals  )Hts8eKsin|r 
little  susceptibility.  In  S4)me  fomis^  as  in  the  diplococcus  of  pneunionia, 
it  is  only  neccssarj-  to  cultivate  the  bm'teria  in  question  uiMin  artificial 
tne<1ia  to  briup:  alx>ut  attenuation;  in  fathers,  Kueh  &s  the  baeilluH  of 
chicken-cholera,  pntlonped  cxiMJSure  of  the  culture  to  tlie  air  suffices  Ui 
bringr  about  an  attenuation.  If  it  is  di'sii-ed  to  preserve  the  Wnilence  of 
the  pncumococ«'i  for  a  hui^r  time,  it  is  necessiiry,  from  time  U*  lime»  t4i 
inoculate  the  Imcteria  cultivute<l  iijton  artificial  mmlia  into  rabbits,  which 
are  very  sus^'eptible  animals.  The  (jlandcrs-barilli  and  tnlK'n-lc-baeilli 
and  eliolera-Hpirilla  lose  vinden<*e  if  ^'uUivated  for  a  loufjr  tinu*  uninter- 
ruptedly upon  artificial  nutrient  nietlia.  The  sti-eptococ4*us  of  erysipelas 
becomes  so  attenuated  by  continuiNl  cidtivation  in  bouillon  or  nutrient 
jelly  that  it  is  no  huifjer  capal>Ie  of  killitip  even  mire  {Kmmerich). 

Aecordinjf  to  the  investi^ti<ms  of  I'asteiir  and  of  Kneh.  tbe  Wndenee 
of  antlirax-bacilli  maybe  so  attenuated  by  cultivation  at  43^^  ('.for  about 
kIx  ilays,  or  at  42°  ('.  for  about  thirty  days,  lliat  piiuea-jtigH  are  no  hm^rer 
killed  by  tfie  ijKM*idation. 

A  eonsidembli'  atti-niiation  of  tlic  anthinx-bueillus  is  obtained  even  by 
TO  rinuiiteH'  liealiiifr  at  '»*>'^  T.  (Toii.s«aint),  or  by  heating  at  'li®  (.'.  for  15 
minutes,  or  at  oO^  ('.  for  20  minutes  (C'hauveau) ;  moi-etu'er,  the  same  re- 
sult is  al.so  obtained  by  the  tutiou  of  oxy^'u  at  hijfh  pressure  (Chanvean). 
The  bacilli  weakened  by  the  influence ijf  high  teiiipei-nture  fora  short  time. 
regain  their  vindeuce  very  quickly  by  reetdtivatiou;  the  luieilli.  on  tin- 
contnin*,  whicli  have  been  weakened  at  lower  teTnp<'niturcs.  remain  atten- 
uated through  nutnerous  generations.  Sp4ii*4's  of  the  baeillus  of  bhu-kleg 
are  reii(lere<l  harmh'ss  by  a  tempen»t!U'e  of  H.'i'^  C',  in  six  hours  (Arloinjr, 
Thomas,  Conievin)  without  suffering  any  iliminution  in  their  power  of  iv- 
proiluction.  Moreover,  the  baeilli  can  l»e  weakened  without  killing  them  by 
weak  solutions  of  sulilimate.  tliyniol.  enealyptus-oiL.  nitrate  of  silver,  ett*. 

The  addition  of  carbolic  acid  in  the  proportion  of  1  :  Ot^tf)  to  the  culture* 
fluid  ]>erTi»its  of  the  devclojinient  of  anlhrax-linctlli.  but  destr<\vs  their 
vindenee  in  twenty-nine  days  i('ii»nd<erhunl.  Unux).  In  the  same  way 
attenuation  is  obtained  by  addition  of  bichromate  of  ]iotash  (from  1  :  2000 
to  1 :  54)00).  Carbolic  acid  adde<l  in  tlie  proiH>rtion  of  1  :  H(M)  piv\-ents  at 
the  same  time  tiie  fonnation  of  spores. 

Tlie  poison  of  rnbies.  which  kills  rabbits  in  a  short  time  on  in<M'ula- 
tion.  may  be  attenuated  by  drnng  at  temperatures  of  22-26°  C  (Pas- 
teur). Aceording  t<i  ProtopopolT.  it  '-  oiTiitdy  the  higher  tempenitor** 
which  produces  the  uUeuuatioa 
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If  the  bfwilli  of  swine-erysipelas  (Pasteur)  are  inw^ulated  continuously 
into  pigeons  the  virulence  is  so  increased  that  not  only  pigeons  die  more 
quickly  from  the  inoculation  than  at  the  beginning,  but  also  hogs.  But 
when,  on  the  contrarj',  th&  swine-cr\'sipelas  bacilli  are  inoculated  from 
rabbit  to  rabbit,  they  increase  in  virule»ce  for  rabbits,  it  is  true,  but  lose 
in  toxic  power  for  swine. 

It  is  possible  to  make  hN'potheses  only  in  regard  to  the  explanation  of 
the  nature  of  the  attenuation  of  virulence  of  the  bacteria  by  the  methods 
above  mentioned.  If  the  bacteria  cultivated  for  a  long  time  upon  artifi- 
cial media  change  in  virulence,  perhaps  this  can  be  partially  explained 
by  assuming  that  in  a  series  of  generations  the  less  virulent  varieties, 
which  certainly  must  often  appear,  gradually  win  the  superiority.  In  the 
attenuation  of  virulence  bv  heat,  chemical  reagents,  etc.,  however,  this 
explanation  is  not  permissible.  In  this  case  it  turns  verj'  likely  upon  a 
general  weakening,  a  degeneration  of  the  protoplasm.  This  assumption 
is  in  accord  with  the  fact  that  snch  bacteria  show  a  diminution  in  energy 
of  growth  (Fliigge).  • 

3.  General  Cottsideraiimts  in  Regard  to  the  JExaminafion  of  Fission-fnngi. 

§  166.  If  bacteria  are  suspected  in  any  tissue-fluid  or  in  the  parench^-ma 
it  is  first  sought  to  discover  them  by  microscopic  examination.  Occasion- 
ally this  succeeds  mei-ely  by  looking  at  a  drop  of  the  fluid  or  of  a  smear- 
preparation  of  the  tissue-jmce  diluted  with  salt-solution  or  distilled  water. 
In  other  cases  it  is  necessary  to  apply  coloring.  In  this  case  the  fluid 
alK»ve  mentioned  is  smeared  on  a  cover-glass  and  allowed  to  dr}'.  In 
order  to  fix  the  dried  substance  the  cover-glass  is  then  heated  over  a 
flame,  allowed  to  cool,  and  stained.  For  this  purpose  methylene  blue  is 
used  by  preference,  the  solution  consisting  of  a  1  per  cent,  solution  of 
the  dye  in  a  1 :  10,000  solution  of  caustic  potash.  Aqueous  solutions  of 
fuchsin  and  methyl  violet  are  also  frequently  used.  For  many  bacteria 
special  methods  are  also  in  use.  In  these  methods  the  preparations  are 
strongly  overstained  with  a  solution  of  gentian  violet,  or  aniline-water 
fuchsin,  or  aqueous  methyl  violet,  and  the  color  subsequently  removed 
with  weak  acids  or  with  iodine  and  alcohol  (Gram's  metliod).  In  this 
way  it  is  often  brought  about  that  only  the  bactc^ria  remain  stained,  some- 
times even  certain  bacteria  only. 

If  it  is  desired  to  show  the  presence  of  bacteria  in  tissues,  the  latter 
are  cut  in  small  pieces,  hardened  in  absolute  alcohol,  then  cut  in  thin- 
nest possible  sections,  and  stained  by  appropriate  methods.  Here  again 
tlie  staining,  as  above  mentioned,  with  gentian  violet,  methyl  violet,  and 
fuchsin  is  especially  often  employed.  Glood  object-glasses  are  necessaiy 
for  the  microscopic  examination ;  if  possible,  oil-immersion  lenses  and 
iUuraination  with  snbstage  condenser  are  to  be  employed. 

If  it  has  been  possible  to  demonstrate  the  presence  of  bacteria  in  tlie 
tissues  in  anyway,  the  attempt  is  next  made  to  cultivate  them.  For  tliis 
purpose  the  methods  developed  by  Koch  are  generally  employed.  These, 
m  principle,  consist  in  distributing  the  fluid  containing  the  bacteria  uni- 
formly in  a  solntion  of  gelatin  or  agar  previously  warmed,  and  pouring 
out  some  of  the  mixture  upon  horizontal  glass  plates.  The  fluid  contain- 
ing the  bacteria  is  obtained  either  l)v  scrajung  the  tissue  or  by  nib- 
bing up  pieces  of  tissue  in  sterilized  salt-solution.  The  gi'latin-  and  agar- 
solutions  are  liquid  at  higher  temjieratures  and  solid  at  lower.     When 
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the  soliitiouH  bei'tnue  solidified  iLe  iudividuul  ba<'U»riii  or  sjioreB  bwonie 
develoi>ed  at  points  st'imntU^i  from  one  aiiothnr. 

By  a  pr*tp«*r  apjtlitTatioii  nf  the  metluxl  varied  colonics  are  subsequeutly 
obtaine<l  in  tlie  layer  of  ^n-Iiitiii  spread  4>ut  on  the  plate  (Kig.  .'i2:j).  The 
colonies  often  differ  fmin  one  another  iu  upjjearanee,  even  when  e\- 
andntnl  with  the  naked  eye.  If  the  eolonies  are  siiffieieiitly  Hi^paiiited 
fn>ni  one  another  a  sTntifl  aitioniit  is  to  be  taken  from  the  individual 
eolonies  by  means  of  a  ttiie  platinum  needle,  iuid  transferre<l  to  a  l>oiled 
potato  (Plate  L,  Fijrs.  r»  and  i»},  or  to  a  ffelatin  plute  five  fn:»m  bacteria,  or 
upon  the  8ui*faee  of  the  soliililiod  uutrieut.  fbiid  in  a  t<fst-tnl>e  (I'lat*  I., 
Fig.  4).  Very  often  the  infected  newlle  is  stuck  into  the  solidified  tnius- 
parcnt  medium  contaiued  iu  a  t^^st-tube  (I'late  I..  Fi^^s.  1-3). 


Flo.  323.  -Gflatiu  plate  ooataiuln^  polonies  of  small  bacilli.  These  colonies 
ftre  pellicle-like,  with  s<otiifvvhat  sinuous  marpns.  Also  small,  round  whitf  col- 
onies of  eoeci  are  presf^nt.  Ubtiiiued  from  tlie  exudate  of  a  purulent  peritonitia. 
(rHniitiished  by  one  third.) 


If  the  culture  on  the  gelatin  plate  is  pure,  aud  the  whole  procedure  is 
carried  out  with  the  uecessaiy  care  and  avoidance  of  contjunination,  pnre 
cidtures  are  obtuiticd  by  the  abchve  nietlmd.  In  stab-eidtures  (Plate  I, 
Fij:^.  1-.'))  a.s  wi'U  as  iu  sniear-enltures  on  ptitntocs  (Fip>.  5  and  f))a]idon 
any  other  nntrii'ut  iiirMliuui  ( Fiir-  4).  often  special  peculiarities  show  them- 
selves vhich  uiiikc  it  ]in.ssiblp  for  the  pnn'tised  olisf-rvt-r  to  rceopnize  the 
form  of  bacteria.  Still  it  will  (jceasiouaily  happen  fhat  a  Iboi-on^rh  micro- 
scopic examiuation  of  tlie  rohmirs  will  also  have  to  be  rnadc. 

It  j;oes  without  snyin^  that  nil  the  alM)ve  ma.iii|uilati()ris  must  be  ear- 
ned out  with  care,  and  that  (Ntn-  must,  be  had  fnr  the  absolute  cleanliness 
of  the  instrnments  that  <*ome  into  tise — of  the  ^hias  {dates  and  t4.*st-tul>ess 
— and  that  the  nutrient  me<liamust  be  free  from  bartena.  Suital»le  pn>- 
eedures  fti*e  easiest  learned  iu  laborat^iriesspeeiHlly  arranp-d  for  t lie  pur- 
pose. The  lon^-oontinucd  Ibatiiij;  tjf  the  iustmiuents  umhI  or  their  sub- 
jection to  hi^li  teiiijieratiircs  |>lnys  an  inijitntant  r61e.  The  nw'Cfisary 
fyuidauce  is  furnished  iu  the  vurious  buoks  on  bacteriolo^cal  methods  of 
examination  whii'lt  have  appeaivd  recently. 
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lufusiou  of  meat  containiuff  peptone  and  gelatin  is  most  xisually  em- 
ployed for  making  plates.  This  consists  of  a  watery  infusion  of  chopped 
meat^  to  which  a  definite  amount  of  peptone  and  salt  is  added.  This  is, 
moreover,  ueutndized  with  carbonate  of  soila,  and  enough  gelatin  added 
to  give  a  solid  consistence  at  ordinary'  temperatures.  For  stroke-  and 
stab-cultures  sometimes  this  same  gelatin  is  used  (Plate  I.^  Figs.  2  and  3), 
sometimes  a  jelly  made  of  a  mixture  of  watery  extract  of  meat,  peptone, 
and  agar-agar  (Plate  I.,  Fig.  1),  sometimes  blood-serum  that  has  been 
brought  to  coagulation  by  warming  (Fig.  4). 

For  stab-cultures  the  jelly  is  all<»wed  to  sohdify  with  the  test-tube  in 
a  peri)endicular  position  (Fig.  3),  for  stroke-cultures  in  an  oblique  posi- 
tion (Fig.  4). 

Sterilized  Iwuillon  is  often  used  for  cultures.  The  inoculated  nutri- 
ent media  are  either  kept  at  room-temperature  or  at  higher  temperatures 
of  30-40^  C.  in  an  incubating-oven.  The  latter,  however,  is  only  possible 
with  agar-agar,  blood-serum,  and  potatoes,  as  the  gelatin  that  is  used  be- 
comes fluid  at  the  temperature  of  the  incubating-oven. 

It  goes  without  saying  that  the  process  just  briefly  described  can  be 
modified  according  to  the  exigencies  of  the  case.  Thus,  for  example,  in 
cases  in  which  the  bacteria  grow  only  at  high  temperatuw^  it  is  necessarj' 
to  use  agar-agar  plates  and  to  do  away  witli  gelatin.  Occasionally  sm^ 
pieces  of  tissue  are  excised  and  introduced  directly  into  tlie  nutrient 
solution.  If  it  be  desired  to  examine  the  cultiu^s  directly  under  the 
microscope,  hanging-drop  cultiu^s  are  made.  For  many  bacteria — for 
example,  for  cholera-spirilla — the  use  of  cultures  in  hanging  drops  is  to  be 
recommended.  In  this  method  a  drop  of  sterilized  bouillon  hangs  down 
from  the  imder  surface  of  a  cover-glass  and  is  inoculated  from  a  previ- 
ously purified  culture  of  a  fission-fungus.  After  this  the  cover-glass  is 
laid  over  the  excavation  in  a  hollow-ground  slide.  If  evaporation  of  the 
drop  is  avoided  by  closing  off  tlie  external  air  from  the  cavity  in  the  slide 
— which  may  l>e  effected  by  sticking  on  the  cover-glass  with  oil  or  vase- 
line— the  mtdtiplicAtion  of  the  bm^eria  can  be  directly  ol)served  for  a 
long  time. 

If  the  bacteria  are  sought  in  water  a  small  amount  of  the  water  is 
distributed  in  gelatiu  and  plate-cultures  are  made.  Earth  may  be  rubbed 
up  in  sterilized  sait-solution.  Air  is  made  to  pass  in  definite  amoimt 
thn>ugh  sterilized  salt-solution,  and  the  salt-solution  infected  in  this  way 
is  then  mixed  with  gelatin,  and  from  this  gelatiu  plates  are  made. 

The  culture  of  the  bacteria  on  different  media,  accompanied  by  the 
microscopic  examination  of  the  different  stages  of  development,  serves 
for  a  more  precise  characteiization,  and  at  the  same  time,  also,  for  the 
detennination  of  the  species  of  fission-fungus  in  question.  After  its  pe- 
culiarities liave  been  sufficiently  studied  in  this  way  its  development  in  the 
animal  body  is  tested.  As  experimental  animals  those  most  usually  em- 
ployetl  are  rabbits,  dogs,  guinea-pigs,  rats,  mice,  and  small  birds.  Bacteria 
to  be  tested  are  introtluced  sometimes  under  the  skin,  sometimes  directly 
into  the  blood-current,  sometimes  by  inoculation  into  the  inner  organs, 
sometimes  by  inhalation  into  the  lungs,  sometimes  by  administration 
with  the  food  into  the  intestinal  tract.  The  fungus  can  be  regarded  as 
pathogenic  for  the  animal  in  question  if  it  multiplies  in  the  tissues  of 
the  latter  and  produces  morbid  conditions.  If  relatively  large  amounts 
are  inoculated  the  experimeutfll  animal  may,  under  certain  conditions, 
die,  even  if  the  bacteria  do  not  increase  at  all  in  its  IkkIv  j  for  the  poison- 
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ous  siibstaiiet's  rfady-forinnl  in  tli«*  culture  aii<l  introduced  by  inocula- 
tion often  siLfHce  to  kill  tin'  juiinial. 

Experience  has  t»uji:ht  tlint  only  tumw  of  tlie  !?acterial  infei'tions 
whifih  oc'cm*  in  mau,  if  ti'aiisniittcd  to  animals  by  ino(Mi]atiou,  run  the 
same  coiuvf  as  in  hihii  ;  that  is  to  khv,  only  tliose  wltirli  hUu  hwiu*  other- 
wise ill  uiiitniils.  Ill  iitlier  castas  the  iiurh(><;('nic  Jissioii-l'nni,'-]  wliich  oeeur 
in  man  «»r  riTtnin  miiniaU  nro,  it  is  tnic,  pathof^cniir  f^n-  tlie  experimental 
animHls.  but  tluMtiurhidpnM-t'wsshowsa  ililfi-reiit,  loealizatiou  ami  a  differ- 
ent eoui'se.  In  .still  a.  third  ease  the  experimented  animals  lu-e  partially 
or  roniplftely  iiniiiimr. 

Inversely.  tiHsion-funfiri  that  are  extremely  jnitho^enit'.  for  the  experi- 
mental animals  are  often  inuoeuous  for  other  animals  nnd  for  man. 

II.  The  Different  Forms  of  Fission-lungi  and  the  Infectious  Diseases 

Caused  by  Them. 


1.  Tfu-  CiH:ci  and  iht  Morbid  ProreHnes  Cuwted  by  Them, 
{n)  Forms  of  flrotrth  of  tltf  f'oct:\ — Saprophytic  Coon. 

§  1(57.  The  c«>cci  or  vortwei  (Zopf)  are  iMwteria  that  always  oeenr  ex- 
clusively in  the  fonn  of  round  or  oval  ov  la nei't- shaped  cells,  and  under 
no  I'iinditiim  form  rods.  In  their  muUiplieation  by  division  thry  often 
form  Mjfjjrrt'tTJtti'^nK  of  rclls  hau^in^  tniretbtT,  and  it  is  enstomary  to  des- 
ignate these  liy  siK^eial  miiin's.  iweordinj;  U*  the  ehariicter  of  iht*  <lifferent 
foi-ms  that  aiipear.  Siuf  e  eei'tain  foniis  vf  coeei  «re  fipeeially  apt  to  de- 
velop in  delinitely  shaped  wfj^Ti'fratiiHis,  many  authors  have  found  occa- 
sion to  malvt'  different  spofies  and  subfipecies  accordingly. 

Many  of  the  cocri  nniltiply  by  transverse  division  of  tlie  spherical  cell 
after  it  has  becojiie  stanewhat  elon^ted.  If  in  tliis  ease  th«^  sjihires  i-e- 
snltiufi  by  division  rt*main  together  fiir  some  time  in  tlie  fonn  of  d<mble 
s|)lieres,  and  if  this  form  appt-ars  with  esiiei-ial  frrcjucnev,  tliey  nreealle<l 
diplococci  (Fig.  324,  A).     If  njws  of  vorvi  in  a  plane  result  from  t.he  con- 


Pig.  325. 


Fig.  324. 


Fig.  326. 
Fig.  327. 


Fio.  324. — Stroptococcu.s  from  a  purulent  peritoneal  exudate  of  piierp«»l 
peritouitiH.  a,  Sepftrato  cocci;  d,  Diplocoeci;  c,  8tTeptoc<K)ci.  (Magnitiea  500 
dianietera.) 

Fm.  325.— Micmcooeus  colonies  in  a  blood-capUlarv  of  the  livyr.  as  the  caase 
i»f  mot&stutie  abscess-formation  in  pvfeniic  infeetiou.  NVcrtisift  of  the  lirer-t'eUs. 
(Magnified  40()  dianieters.) 

Flo.  326.— Cocci  f^rouped  in  tetrads  (inerismopediA).  from  a  goftep''"'"»f*'*' 
tion  of  tlip  hmj:.     {^blgniHe<l  500  dinmeters.) 

FlQ.  327. — SartMna  ventricoli.    (Magnifl- 
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tiiiiioiis  ilivisidii  of  tlie  ct-Hs  liny  nrv  caIU'A  streptococci  (Fig.  324,  r)  or 
tornlti-cimins.  Mtwst's  of  iMiei-i  united  into  a  rt'trular  jr^'Hiiular  colony, 
ami  lirltl  Ui^vXW'V  )>y  a  j^eliiMiioii^  Hubstuuof  wliirh  is  tlcrivwi  from  the 
riioiiiln'aiie  of  the  (M>i.'t'i,  am  called  zmUfJwft,  and  tht*  iuu-vi  whiidi  often  ap- 
]j*'ar  in  t  liis  form,  micrococci  (Zopf)  or  htnftrd  corri  (Fit?.  ^25).  For  some 
rif  tiu'  I'onns  belonging  here  the  name  staphylococci  (Ogston  and  liotieu- 
litii'li)  uT  tjrujte-r<nri  Iuls  ronio  into  use.  Forms  whieli,  on  the  nutrirnt 
niiileria],  make  r()mid  massfs — reeugnizaUe  as  Hueli  even  tt»  the  naked 
eye — ami  \vliii*}i  r-onlain,  in  a  thick,  gtUutinous,  cnrtilaire-iikc  membrane, 
one  ox-  more  closely  packed  coccus  colonies,  aiv  called  ascococci. 

Zojif  int  rodu<'ed  the  name  merlsmopedia,  or  tnhlfi-rorci,  for  eoeei  whieh 
remain  for  a  h>ijg  thne  united  in  a  four-celled  tablet  (Fig.  32G).  Others 
n'ganl  Hueh  bat^teria  as  mieroctn'ci.  The  ctM'ci  (fiat  ffo  by  tiie  name  sar- 
cinffi  are  ehiimeterized  by  dividing  in  three  iHrectii»ns  {if  space,  so  that 
eotnpunnd  cubii'nl  imckcts  (Fig.  :s27)  of  I'onnd  ci-lls  are  formnl  from 
tctraiis. 

The  names  given  above,  wliieh  are  used,  aa  lia«  been  saidj  to  desigiiat^^ 
different  species.  Imve  only  a  limited  value,  and  only  Uy  tliis  extent: 
tlicy  repres+^nt  the  ajipearnnee  corresponding  to  the  fonns  of  growth 
which  chiiracten/e  various  kinds  of  eoeci  that  iliffer  ver}'  greatly  from 
one  another  in  th(»ir  cidtiircs  as  well  as  in  their  physiologieul  properties. 
Still  they  are  expedient  for  understanding  ipiickly  the  manner  in  whieh 
a  f(U'm  t>t  bjR'terium  appears  in  any  nutrient  medium,  such  as  a  human 
being.  The  term  micrococcus,  moivover,  is  used  by  mc»sr  authors  for  all 
tiie  diflFerent  cocci,  and  is  not  restricted  to  the  stn])liyh""oecus. 

The  coi'ci  not  iiitmpieutly  show  a  trenmlons  inoieeular  motion  in 
rtuids.  Independent  motion  bus  not  been  obscn'cd  with  certainty.  Spore- 
formation  has  not  been  observed  in  most  of  them.  According  to  ('ieu- 
kowski,  van  Tieghem,  and  Zopf,  the  Cairtta  mtneiitfriohies,  leuconostoe-, 
that  makes  a  frog-spuwn-like  coating  on  sugar  or  parsnips,  forms  arthro- 
genie  spoi'es.  Wlien  this  i.s  alwut  to  m-eur  some  partieular  cell  in  A 
torula-ehaiu  l>ecomes  s(tme\vhat  larger  and  glistening.  Aeeordiug  to 
l*nucmow.sky,  MirrtH^ocrtts  ut*'fF  alst)  firrms  spores. 

Tiie  saprophytic  cocci  gr<iw  u]nni  very  different  nutrient  substnita. 
and  cause  by  their  gi-owth  in  suitable  media  various  proce.sses  of  deeoin- 
position.  Many  <if  them  also  pittdut-e  pigment.  Microroccujt  urea  (Pas- 
teur, van  Tieghem,  LcuIk')  causes  fermentative  processes  in  urine,  and  iu 
conse*iuem'e  of  these  earluuiate  of  anunmiia  is  formed  out  of  urea. 
Micrococrus  riarostnf  is  iJie  eiui.se  of  the  sUmy  fermentatiou  of  wine. 
The  eause  of  the  ffhw  sfru  in  fmil  mfttt  wa**  found  by  Pfliiger  to  be  due 
to  u  micrococens  that  fonns  slimy  coatings  *ni  the  surface  of  the  meat. 

Among  the  pigment -producers  the  bi'st  krmwn  ure  the  Mirntrufnts 
luU'iut,  the  Mirrocovats  tmrfttttitnua.  the  Stirrinrt  Jutm.  the  MicfQfoccus cifttnc- 
*ts,  and  the  MieroeotTus  riohirfus,  wliicSi  produce  yellow,  blue,  ami  violet 
pigment  respectively  when  gmwn  on  Intiied  eggs  or  potatoes. 

iSjiprophytie  eoeei  are  fijund  as  vvt-ll  in  the  cavity  of  the  month  and  ill 
the  intestines  fLs  on  the  .Kurfacr  of  the  skin,  and  occur  occasionally,  also, 
in  the  lungs.  MirrororcuK  httntutoiha  (Babes)  is  said  to  b«  the  cause  of 
red  sweat,  and  produ4!es  red-eohir«*d  zinigla-a  masses. 

Sarcina  ventriculi  (Pig.  ^27)  oceui-s  not  infrequently  iu  tlie  stomach 

of  man  and  aninuds,  espeeially  when  abnormal  fermentations  ai*e  goiug 

Aeeunling  to  Falkcnhcim.  the  .stomach  sarcina  can  lx>  cultivated 

tttin,  forming  roiind  yellow  colonics  whieh  show  colorless  splier- 
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ioal  inonocopci,  diplococvi,  aud  tetrads,  )Mit  never  contain  eiibiwil  packets. 
They  fonii  thfsc,  however,  in  neiitnLlizi-d  Imv-iiiftisioii,  and  tlieir  growth 
cniiiies  the  sounnp;  of  tht*  iiifiisiun.  The  menihroue  (tf  t\w  xarrina  is  said 
Ui  consist  of  cfllulost. 

Micrococcus  tetragenus  {mt^rinmopedia)  is  often  found  in  hnninii 
sputum  mikI  consi-quriitly  mIso  in  thr  month  mu)  thi*out:  it  is  also  found  in 
Iht*  wulls  ut  tuherculou-s  r-avitit's  or  in  hieinorrhagif  Kot'tt-niuy:  foci  in  the 
UinfT!*,  and  forms  ti^-tnids  in  innUiplyin^.  the  c'ells  of  which  ai-e  held  to- 
getiier  h\  ti  shniy  menihranc  On  pelatin  it  forms  round  or  ovnl  lemon- 
vellow  colonies.  It  is  patliofrt-iiic  f<ir  wliite  mice,  de\ eloping  in  tJieir 
blood,     (iray  honse-niiee  ai'o  ahuost  immune. 

Mitrttrorritit  fwtuius  is  descHl>cd  by  Hoscuhai'li  as  haviujr  )>eeu  found 
in  carious  teeth.  In  the  iutesttual  tmet  Briegcr  and  Eseherieli  have 
found  cocci.  In  the  cavity  of  t\w  nn>ntli  cocci  aiv  always  to  l>c  found 
along  with  baeilii. 

[h)  Pathoffenic  Cocei, 

§  16h.  Tlic  pathogenic  cocci  cause  mostly  diseases  which  run  an  acute 
course  in  hnman  licintrs  iiii'i  in  njiinials.  and  at  present  there  are  already* 
quite  a  number  rhat  arc  weU  known  and  have  had  their  action  upon  tis- 
sues studied.  They  iu"c  able  t-o  a^'t  ileleterinusly  upon  the  tissues  and  t<> 
I'Xeitp  inttamnnition  in  tlicm  mainly  by  the  rxnrfion  of  certain  poisonous 
SifbsitniCPtt  {iffxintf  nv  if/xnlhtmiiis). 

In  the  first  place  there  is  a  j;;roup  of  cocci  which  occur  especially  in 
suppurative  pnteesses,  and  are,  mon-over,  the  eausi;  of  the  suppuration ; 
they  may  thcivforc  bf  called  pus-cocci.  A  given  sup]au*ating  focus  con- 
tains soTHctitnes  only  one  single  form  of  coccus,  sometimes  two  or  more 
of  them. 

One  wliich  occurs  oftenest  is  tlie  staphylococcus  pyogenes  aureus 
(Ogston,  Roseubacli,  Krause,  Pa.ssct).  This  cnceus  tends  to  form  cloudy 
or  aggi-e^rated  or  grajie-sliapcd  colr)nies  in  animal  tissues  (Fig.  325.  Pig. 
y2X,  r,  r|.  Hud  Fig.  329,  (/),  or  it  may  form  swarms;  but  it  not  infre- 
qncntly  forms  dijdoe^x'ci  and  table(-ei)eci.  ami  toriila-ehHins.  It  can  l>e 
stained  Mith  liifferent  aniline  dyes,  ami  retains  the  stain  }iy  (iram's  method. 
It  gi'ows  i\\\  gelatin,  ugar-agar,  and  potatoes  even  at  nKini-tcinperature, 
and  forms  whitisli  colonies  that  afterward  tiuni  gohh'ii  yellow  (m  places 
exposed  to  the  air  (I*latc  I..  Fig.  1).  The  gelatin  around  the  colonies 
bcconies  slowly  litpieticd.  \^\  imieulation  of  pure  cultures  suppuration 
can  be  prtjdneed  in  mice,  rabbits,  and  guinea-pigs.  In  Ufan  the  presence 
of  large  *iuan(ities  of  staphyloeoeci  (Fig.  328,  c,  n.  and  Fig.  329,  */) 
causes  necrosis  (»f  tissue  (Fig.  32'*  and  Fig.  328.  h),  and  suhwquentJy 
inflammation  (Fig.  328.  rf.r)  anil  suppuration  (Fig.  329,  (>,/),  which  finally 
run  on  to  abseess-fonnntion  (Fig.  320,  fl).  In  Ibe  skin  it  can  cause  those 
forms  of  inHammation  whicli  are  trvnieil  ftrn*\  fr2rnt(i,fiiru}>rh,  aud  cuto- 
v(ou.s  and  suJtrutint»'OKs  ahsctssci;,  which  are  all  ebaraeterized  by  sujfpiu'a- 
tion  and  ilcsrniction  of  tissue.  It  can  pcnetmte  into  the  cutAueons  and 
subcutJUicons  tissues  tlirough  wounds,  as  well  as  by  way  of  the  hair-fol- 
licles or  the  duets  of  the  cntaneons  glands.  In  the  fnterior  of  the  bmiy 
it  ean  cansc  suppuration  of  the  various  tissues.  It  has  Ih^mu  otwerved 
freipiently  in  supfmnition  of  the  hones  and  jmuts  {osfufnti/elifitt  »nd  pn^- 
ostitis  inffictiosti),  as  well  as  in  tnirtiffnt  inftii<}  /      '       of  th»  hintj.  ^'irr  (Jig- 


328),  phurUy  peritoncHmj  wttscir^  rmioi'anlinti. 


•untf  kifine^y  etc.   Ac- 
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coniiiig  to  investigations  of  Ullmann,  the  staphylococcus  is  verj*  oft^'n 
present  in  large  numbers  in  the  air,  eapecially  of  rooms  much  uswl. 

lu  umny  cases,  as  can  be  proved,  it  gets  iiitv  the  iuside  of  the  tissues 
through  wounds,  and  is  taken  up  by  the  hnnph-vessels  and  veins  in 
whose  neiplihorliood  and  in  whose  walls  it  hjis  t^ettUMl,  and  tlien  is  con 
veyed  farllier  by  the  blood-current.  The  suppurations  in  the  internal 
organs  bear,  therefore,  the  cJiaracter  of  metaMutic  prftc^saes,  and  tlir 
term  pyctmia  following  infection  of  trounds  is  applied  to  them.  In  ntber 
cases  the  infectiou  starts  from  tlie  air-passages  or  from  the  intestinal 
tract,  especially  where  nlcei-s  furaish  a  iwrtal  of  entrance. 

In  sMU  other  cases  the  portal  of  entram^e  cannot;  be  made  out.  This  b* 
true,  for  example,  in  many  cases  of  eud«>carditis  and  myocarditis,  suppura- 
tive or  septic  osteomyelitis  and  p<'riostitis,  suppin-utive  pleuritis,  et^'.,  in 
which  the  process  is  one  of  vnjpUigenetic  infection. 

Acc<jrdiug  to  the  observations  referral  to  above,  the  Staph j/Iocimtuk 
vtfogenes  aureus  causes  mostly  circumscribed  supj>unitiou8 ;  still  its  \-ini- 
lenco  is  not  always  the  same,  and  hence  tlio  multiplieation  of  these  hius 
teria  iu  the  tissues  does  not  always  load  to  sujjpuratiou,  but  often  merely 
to  liyht  trtinsitory  infiant muttons.  In  course  of  time  the  cocci  usually  die 
out^  aft^^r  wliich  the  process  heals.  Under  eertAin  circumstances,  how- 
ever, they  stH'm  able  to  remain  for  a  long  time — weeks  or  even  moutlin 
— in  the  tissues. 

SiHphy}octxr\in  annus  is  able  to  cause  the  suppurations  almve  men- 
tioned as  wfU  akine  as  in  comi)any  with  other  cocci. 

Staphylococcus  pyogenes  albus  (KosiMibacli)  eorresjnuids  undi*r  the 
microMropu  with  the  staphylococcus  just  described,  l)ut  apifcars  white  iu 
cultures.  Its  action  upon  the  human  and  animal  organisms  is  the  same 
us  that  of  f^aphflfieorrus  pijoifenes  uureu^,  and  is  observed  alone  as  well 
as  in  company  \\ith  the  hitter  in  foci  of  suppuration. 

Staphylococcus  pyogenes  citreus  (Paswt)  is  also  a  pus-producing  fis- 
sion-fungus ;  it  occm-s,  however,  nioi*e  seldom  than  the  first  two.  It  forms 
citrtm-yrllow  eolouies  (Piute  I.,  Fig.  6). 

Micrococcus  pyogenes  tenuis*  a  ciwcns  first  observed  by  RosenlMitih 
in  abscesses,  is  somewhat  larger  than  staphylococcus,  and  forms  cultures 
almost  as  cU*ar  as  glass  on  agar-agar.     It  seems  to  occur  seldom. 

Streptococcus  pyogenes  (Ogston,  Kosenbach,  Ki-anse,  Passct)  ia  char- 
acterized by  a  tejideucy  to  form  ciiains  of  from  four  to  ten  links  or  more, 
and  also  diplocoeci.  The  individual  cocci  are  somewhat  larger  than  the 
cells  of  the  yellow  staphylococcus.  Staining  succeeds  very  well  by  Gram*8 
method  (Fig.  ;i30).  On  gelatin  ]>lates  it  forms  only  very  small,  slightly 
elevated  coUmies  that  grow  slowly,  appenriug  yeUow  <ir  bn)wnisli  uuiler 
the  microscope.  On  agar-agar  the  colonies  nn^  cloudy  and  not  transpareut. 
In  gelatin  stab-cultures  it  forma  small  whitish,  almost  tmnsparent  col- 
onies. 

It  produces,  on  sulx^utaneous  inoculation  into  animals,  sometiraes  oidy 
transitory,  insignifleant  infiammntion  (rabbits),  sometimes  a  small  area 
of  suppuration.  Healthy  rabbits  bear  even  intravenous  injection.  If 
the  valves  of  the  licart.  nre  previously  injui*ed  it  is  possible  sometimes  to 
produce  endocanlitis  (Fliigge,  \Vyssok(twitsch). 

The  streptococcus  is  often  o>>sfr\'ed  in  human  beings,  and  causes  sup- 
puration and  scro-pnrulent  and  flbrimuis  4*xudaf*s  which  have  the  ten- 
dency t4>  spread  over  large  areas,  so  that  \\*idc-si>rca<l  cloudy,  pundent, 
gelatinous  infiltrations,  phlegmonous  injfamwofions.  and  iturnhnf  mtrmn 
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result.  It  can  penetrate  from  wounds  or  from  the  puerperal  uterus  into 
the  tissues;  but  such  iuflammatious  cau  also  ottcur,  mthont any  obsenxtble 
rhanges  at  the  portal  of  entrance,  iu  subcutaueuus,  iutermusculai*.  medias- 
tinal, peripharyngeal  tissues,  in  the  serous  and  mucous  membranes  or 
the  submucusa  of  the  nose  and  its  adjoining  cavities,  in  the  submucosa 
of  the  stomach,  etc. 

The  streptococci  lie  in  the  foci  of  inflammation  partly  free  in  the  tis- 
sues (Fig.  ti^l)  and  partly  in  the  cells  (Fig.  830,  b).  The  fonuer  is  espe- 
cially olServable  where  the  cocci  j)enetmte  into  the  tissues  (Fig.  331,  a). 
In  the  region  of  the  coccus  invasion  the  tissues  in  time  succumb  to  necro- 
sis (r),  and  finally  are  destroyed,  becoming  disintegrated  and  liquefied. 

If  a  tissue  becomes  the  seat  of  suppuration,  out  of  such  fo<'i  the  pro- 
ducts caused  by  the  process  of  decomposition  are  taken  up  by  the  juices 
of  the  body,  and  often  lead  to  morbid  conditions  of  the  entire  organism. 
C'ot*ci  themselves  often  get  into  the  ciivulation  and  transfer  the  process 
to  other  organs. 

If  the  infection  of  a  wound  leads' to  a  metastatic  or  eml>olic  inflamma- 
tion and  suppuration  accompanied  by  fever,  the  process  is  called  pyicmia. 
If  a  general  disease  with  severe  sjnnptoms  on  the  part  of  the  nervous 
system  appears,  with  disturbance  of  the  regulation  of  temperature  and 
lilotxl-circulation,  often  accompanied,  also,  by  diarrhoea,  etc.,  without  the 
formation  of  metastases,  the  disease  is  classed  as  septicemia  or  sep- 
thsmia. 

Both  terms  are  collective,  since  a  metastatic  inflammation  accom- 
panied by  fever  is  not  necessarily  bi-ought  aboxit  by  one  single  fonn  of 
bacterial  infection,  and  the  manifestations  of  scpticA'mia  are  not  always 
caused  by  the  same  noxious  agent. 

The  eitsetice  of  scptictemia  is  a  poisoning  of  the  organism  by  toxins,  tojcal- 
biunins.femtents,  and  other  products  of  bacterial  decomposition — /.p.,  it  is  a 
septic  intoxication.  As  these  prcklucts  differ  according  to  the  stage  of  the 
putrefaction  as  well  as  acconliug  to  the  nature  of  the  putrefactive  agent, 
it  follows  that  the  intoxication  cannot  always  be  caused  by  the  same  sul>- 
stance.  Simultaneously  with  the  intoxication,  infection  of  the  btttod  with 
micro-organisms  can  also  take  place;  but  this  is  not  necessary',  and  it  is 
lM)ssible  to  distinguish  between  a  septic  intoxication  pure  aud  simple,  on 
the  one  hand,  and  a  bacterial  septicemia,  on  the  other.  Moreover,  the 
manifestations  of  septiaemia  may  be  combined  icith  pyiemir  inftammation, 
A  combination  that  has  given  rise  to  a  disease  that  has  1>een  designated 
septicopy«mia  or  pyosepthaemia. 


Fio.  330. — Streptoooecus  ptfoge- 
nes  from  ft  phlegmouous  iuflam- 
raatory  focus  of  the  8toinai*h.  a. 
Leucocytes;  6,  Leueoc^'tes  with 
streptococci  inside:  c,  tree  strep- 
t<>cocci,    {Pix-paration  hardened  m 

alcohol,  stained  by  Gram's  metlMMl,  _^^ 

and  mounted  in  Canada  balsam.  i''^^    ?![^5^^^-^5* 

Magnified  5(K)  diameters.) 


Septic  blo<xl-jM»is<mings  follow  most  fre<|ucntly  fnmi  wounds  and  from 
fjM'i  of  sujtpuration  situated  in  the  imrcncliyina  of  the  tissues,  but  the 
putrid  substance  producing  the  intoxication  may  l>e  taken  up  frf»m  the 
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iiitestiues  or  the  luii^.    The  ai)Ht(>nii<^aI  eliau(i:es  in  the  iufeet^l  wminds 
are  often  insignificant  and  searcely  recognizable. 


j^-^C 


.^=^a**--'"^^4 


"  ^  i 

Fig.  331. — Pectoral  musele  beset  with  larpe  numbers  of  the  Sfreptocitccus 
pyogenes,  from  a  case  of  pblegrmunous  inflammation  of  the  subcutaneous  and 
intermuscular  connective  tissue,  due  to  cadaveric  poisoning.  (The  phlegrmon  of 
the  wall  of  the  chest  developed  two  days  after  the  tin^T  was  injured,  and  the 
intermediate  lymph-vessels  of  the  ai*m  showed  no  evidences  of  being  involved.) 
rt,  Perimysium  internum  full  of  streptococci ;  &,  Transversely  cat  muscular  fibres, 
still  mtact ;  c,  Transvei-sely  cut  nm8<*ular  fibres  which  ai*e  beffinnintr  to  dejien- 
erate;  rf.  Muscular  fibres  into  which  the  cocci  have  penetrated.  (Preparation 
tivated  with  gentian  violet  and  ve.iuvin,  and  mounted  in  Canada  balsam.  Mag- 
nified .'150  diametei-s.) 

If  the  first  inrtaniMiatin'v  processes  start  in  llic  depth  of  the  lM)dy  tlit  v 
are  cliaracterized  as  cryptogenetic  pyaemia  and  septicopyaemia."  Tin- 
bacteria  pr«)dncing  them  get  into  the  tissues  froiii  the  intestinal  canal  or 
the  lung,  or  from  the  skin,  or  from  any  small  wound,  and  are  thence  con- 
veyed with  the  blood-cnrrcnt  or  tin'  juices  to  any  particular  jdace  with- 
out leaving  behind  any  dcin(mstrabl(^  change. 

As  is  seen  from  the  foregoing',  suppurative  processes  may  be  produced  in 
man  as  v*ell  as  in  animals  I>y  different  bacteria,  and  not  infrequently  many 
tonus  of  bacteria  are  contained  8inmlta,iieously  in  a  focus  of  eui>puratiou.  Be- 
sides (he  ])us-cocci  proper,  the  (fouococcus,  the  JMplococcits  pneiimmiur.  t)ie 
hacilhtu  tifphi  al'iloiiiinaliiif  the  actinomyces,  and  the  glanders-bacillus  can  als<> 
produ<'e  suppuration.  Acc<n*din^  to  FJiigge,  the  streptococci  wliieli  occur  in 
suppuration  do  not  all  belonjj:  to  the  same  species.  Thus  Fli'iprge  fomid  a  strt-pto- 
eoccus  in  a  necrotic  focus  in  a  leucienuc  s])leen  {Strei}f(H!(KTHK  pt/offenes  malifnus) 
tliat  closely  resembles  the  ordimiry  Streptococcns  jn/ot/cnes  uu(h'r  the  mi('r<»siM>i)e 
and  in  cultures,  but  kills  mice  and  rabbits  in  a  few  days  when  introduced  by 
subcutaneous  inoculation;  at  the  same  time  producing;  not  only  local  inflnnuua- 
ti(m  at  the  point  of  inoculation,  but  also  metastatic  inflammntionf  i  nd  npi>eHr- 
in<;  as  well  in  the  blood. 

Different  autiiors  Iiavo  us(»d  the  tenn  srptierr-mirt  also  for  bnctennl  infevtionf  nj 
thf  blood  which  can  be  produced  exi>erinieutaily  by  inoculation  of  ;iniuuils.  and 
whicli  are  cliaracterized  by  the  fact  that  ihr  fxicferin  unfltipht  /«  flie  lihuttl.  It 
would  be  more  proper  to  apply  the  term  hactniccmm  to  such  luocessos. 
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§  169.  Streptococcus  erysipelatis  is  tlie  c-au^e  of  tlie  inflaimnatiou  of 
the  skill  and  iniici uis  tuonii)ram*s  culled  frtfttipfhtx.  Acoonling  to  Felileisen, 
it  may  be  eiiltivjiteU  hjhui  ihe  i!ieaI-inl'nsiuii-]iept*>iuMiinl-p'liiti!i  mixture ; 
niifl  the  eoeei  ft-nm  (.'iiltures  jmHliu'e  typieal  frysijH'las  wlieii  inoeiilated 
into  liuinan  K^'iiiirs.  Tlie  Hssioii-fiuitiijs  <if  this  diseiuie,  moreover,  may 
hv  iuncuhiti'(i  it\U\  nilitiits  (Zir|il*-]-.  hVhli'iseii),  ami  ytrntlueeH  an  inflam- 
mation ivHliatiiijj:  i'vimi  the  point  of  imn-ulation.  It  is  kill»*d  in  (m*^  niiu- 
utr  hy  :i  JUT  cent,  solutions  of  earhoUr  ueiil  or  hy  a  1  :  lOlHJ  oorrosive- 
sublituate  s^tlution  (Fehleisen). 

The  eoeei  jrot  into  tlie  skiu  thi*oug]i  small  wounds,  and  tlionc«  into 
the  ly mi ih -vessels  (Fig.  332,  «,  h),  but  (lecasionally  also  into  the  blood- 
eurrent. 


Fra.  332.— Colonies  of  Strep- 
tococcun  en/ftijif  latin :  a,  in  a  lynipn- 
vessel,  bf  in  part  compofted  of 
tliiekJy  packed  spheres,  in  pai*t 
of  torula-L'haius:  c,  Neighbor- 
hood of  the  lymph-vet«eT,  with 
paleuiistairiahh'  tiut'lei;  r/,  V**in; 
e.  Perivt^ntms  cellular  infiltra- 
tion of  tissue;  /,  Accuoinlatioii 
of    colls   in    the    lyniph-vessol. 

(Section  r.f  rabbit's  ear  two  days  after  inoculation  with  erj-sipelas-coeci,  treated 
with  p:i>ntsan  violet,  and  mounted  iu  Canada  balsam.     Magnified  250  diameters.) 


Observed  in  liviuj;  beinjjs,  eiysipehw  runs  its  course  in  the  form  of  a 
reddening  ami  swelling  of  the  skin  extending;  at  the  periphery  and  nceoni- 
panied  l>y  a  febrile  eomlitiiui.  In  some  cases  vesicles  are  formed  iu  the 
skin,  and  under  eertain  eireumstauees  individual  portions  of  the  skiu  1m*- 
<MUue  even  i^an^renous. 

The  eoeei  that  spreml  in  tlie  lyiuph -vessels  fonn  first  tonila-ehaius 
(Kiff.  33*J,  (t)  ami  afterward  (mjIoiiips  that  fill  the  lymph-vewsels  more  or 
loss  fully  (Fi^.  332.  b,  and  V'l^.  333,  h,  i)  and  not  infretpiently  spread  over 
the  enntiguous  eonneetive  tissue  {Vi^.  333,  k). 

In  the  area  of  a  larf^er  bjicterial  invasion  and  iu  its  nei;;hborliood  the 
tissue  usually  deyerieratvs  and  oftt'U  ber'omes  devni<l  uf  nuclei — neerotie 
(Fig.  332,  f\  find  Fig.  333,  ?.  fi).  At  th**  same  tinu*  an  iurianimation  otreurs 
in  the  ueighbitrlnHul  which  is  ooniieeted  diivetly  or  iuditvetly  with  the 
tissue-lesion  caused  by  Ilie  bacteria.  Consequetitly  it  either  represents 
a  reaetiun  dependent  uptui  the  degeneration  of  tissue,  or  is  to  l>e  regarded 
as  an  alteration  of  the  vessel-wnlls  by  the  products  fr>rnied  by  the  Itarteria. 
It  lentls  1<J  a  dense  cclhihir  irililifrnti4in  ot  tfic  tissnc  (Fig.  332,  f,  and  Fig. 
■333,  m,  i»i).  A  UqiietVu'tion  of  the  cells  cim  take  place  in  the  epithelium 
(Fig.  333,  f',/,  5/,  f/il  under  <MTtaiii  conditions,  and  this  results  in  the  for- 
mation of  vesicles.  In  the  ivgii»n  of  cdbdar  infiltration  the  cocci  lie 
mostly  bi'tween  the  cells,  heiv  and  then^  also  iu  the  cells.  As  long  as 
the  pi*0(M'ss  spreiwls  the  coee.i  lie  most  abundantly  in  the  periphery  of  the 
region  <x»cu]»ied  ( Fig.  332,  n).  Next  to  it.  U  tward  the  centre,  eomes  tbe  area 
of  eellular  infiltration  whifdi  eorresjH)nds  to  the  external  zone  of  i*edness. 
With  the  ap]M'araiice  of  the  healing  process  the  baeten'a  vanish,  but  it  is 
impossible  to  detennine  from  an  auHtomieal  exnmiiiatiitn  why  a  further 
spread  cca-ses.  Since  the  infiammatory  aeeunmlalion  of  leucocytes  offers 
no  ivfiistanee  to  the  sprea<l  ot  baeteriu,  but^  ou  the  eontnin'.  may  Iw  said 
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Pig.  333. — Section  of  tho  skin  from  a  aiso  of  erysipola*  IjulloMtiu.  a^  Epi- 
ilennift;  6,  C'orinm;  r,  Bladvler-likp  ravUy;  rf,  Covtrdf  ihis  OAWtv;  r,  Epitbt>bal 
pel!  with  viK'ncil**;  /,  Swollen  cell  with  swollen  nurleus ;  (j,  fji.  Cavity  caused  by 
tbe  nieltiug'  down  uf  epithelial  ei^lU,  and  contninini;  frajrrnent*!  of  the  same  and 
pus-t'orpiiseles :  A,  Lvmph-vessel  pai*tially  filled  with  streptococci:  t,  Lymnh- 
vessels  completely  filled  with  streptooocei;  A",  i'oIon>  of  strept'wocei  I(>i*atf(l  in 
th«  nddst  of  the  tissues;  /,  /|.  Necrotic  tissue ;  m,  Cellular.  r«i.  tibriuticelhilar  in- 
filtraLii>n  of  the  liswuea;  h,  Fibrin occlluUr  exudation  in  tlu'  hladdi'r-like  cavity, 
(PrejMimtion  nlnined  with  alum  carmine  and  aiounte<l  in  Canada  l>al»tm.  Mag- 
nified 00  diameters.) 


mtber  U>  lini]i  after  it,  tb«  deHtrueti«m  of  the  Imct^'Hii  ciinuot  Iw  dne  lo 
thin  cause.  Very  likely  tbe  growth  of  the  hat^leria  is  heiuriie<l  by  ebem- 
iual  substances.  Jlotustases  nmy  form  Ity  nti  (Tuption  of  tho  bncterin 
iiit<i  the  hlo*Ml-<'UtTent. 

The  Sfrepforturits  ptfot/fiuK  is  very  inufh  like  th(*  sl.ivptneoeeu«  of  ery- 
sipelus;  inuny  n^isutue  thai  it  i.s  ideiitieal  with  the  latt<T  (von  Kifielsborg, 
Jordan,  Fraiikel). 

§  1 70.  Micrococcus  gonorrhfta,  sirr  gonococcus  ( Pii;.  '.VM),  is  a  t^iwcua 
first  deseribed  by  NeLsser  iu  IhTD.  It:  is  eoiir>tautly  preM'Ut  in  thi*  pum- 
Ifut  entniTh.  ejilled  pMion'ha-a,  of  tlie  iiiab-  iiiul  female  urethra  and  tbe 
female  ffeiiital  eaiial  (especially  that  of  tlie  uterus),  as  well  an  in  the  K*4*r<'- 
ti<m  of  blennorrlnra  of  the  eye,  and  it  is  al.^»  regarded  lis  the  eans*^  of  the 
^onorrho^i  and  of  the  blennorrlio-a  of  the  eye.  Besides  the  sperifie  em*ei, 
other  eocei  may  also  Ik-  present  iu  the  jrouorrhieal  secret  it»n,  wime  of  iheni 
reseinltlin^  the  speeitic  cocci  very  closely.  The  secn^tion  may,  moreover, 
also  eoutnin  the  inis-eociM. 

Aeeordinjr  to  Oppenheimer  and  Humtti.  it  can  be  cultivated  upon  «>- 
aprulated  human  bliMMl-serum  :  aeeortUn^  \o  Lcistikow  and  Ltiffli  i%  aUo 
upon  Idood-seriiTn-frclatiii  mixture ;  a<«Mirditijr  to  Werthf'ini.  upon  human 
bhH»d-8enim-u^'ar  mixture:  aee»>rtlin(r  to  riii^rer.  lihon.  and  SchlaK«»!i- 
hanfer,  upon  uriin'-airar  niixtun*.  It  nuikes  a  tliiu,  snuMiih,  ^rrayish- 
yellow  eonfinp  ujion  the  surface  of  the  nutrient  medium,  but  ilieH  out 
very  ejisily  and  grows  only  at  hijrher  temperatures. 
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Animals  enjoy  immnnity  from  infection  by  inoculation.  Efforts  were 
made  by  Bockhart  and  Bumm  to  inoculate  human  beings  with  gonococci 
cultivated  on  artificial  media,  and  they  obtained  in  this  way  a  purulent 
catarrh  of  the  inoculated  mucous  membrane.  The  experiments  of  Bumm, 
particularly  upon  two  women,  seem  to  have  given  a  positive  result 

The  coccus  forms  mostly  clumps  in  the  purulent  secretion  of  the 
mucous  membrane  affected  with  gonorrhoea.  It  appears  largely  in  the 
form  of  diplococci  with  the  opposing  sur- 
faces flattened  (Fig.  334),  partly  free  (a) 
and  partly  inclosed  in  cells  [b) ;  it  stains 
readily  with  aniline  dyes,  but  becomes 
decolorized  by  Gram's  method. 

Fxo.334. — Gk>iioooooi  in  the  secretion  from 
the  urethra  in  fresh  sonorrhoBa.  Cover-elasa 
preparation  stained  with  methylene  blue. 
a,  Maou3  with  separate  cocci  and  diplococci; 
6,  Pus-cells  with  diplooooci :  e.  Pos-oells  with- 
out diplooooci.    (Magnified  700  diameters.) 

According  to  Bnmm,  Gerheini,  and  Touton,  the  gonococcus  penetrates 
into  the  mucous  membraue  and  lies  sometimes  between  and  sometimes 
within  the  epithelial  cells  and  leucocytes.  Only  the  guperflcial  layers  of 
tlie  connective  tissue  are  penetrated.  The  extent  to  which  the  mflam- 
Illations  following  gonorrhoea  (peri-uretliral  al)scesse8,  inflammations  of 
llie  prostate  gland,  of  tlio  epididymis,  of  the  seminal  vesicles,  of  the  blad- 
der, of  Bartholin's  glands,  of  the  tubes,  of  the  ovary,  of  the  pelvic  peri- 
toneum, and  of  the  joints)  are  due  to  the  spread  of  the  gono<^occus  on 
the  one  hand,  or  to  secondary  infection  with  the  pus-cocci  on  the  other, 
is  still  a  matter  of  dispute.  From  the  iiivostigati<ms  wliich  have  thus  far 
been  made  it  can  no  longer  be  doubted  that  the  gonococcus  may  become 
widely  spread  over  the  mucous  membranes.  It  has  also  been  found  re- 
p*'atedly  in  inflamed  Falh)pian  tul>es,  ovaries,  and  joints,  in  perimetritic 
and  parametritic  inflammat-ory  foci  and  in  peri-uretliral  abscesses,  and 
is  to  be  regarded  as  the  cause  of  the  inflammation.  Still  the  proc^esses 
leading  to  suppuration,  and  also  the  metastases  in  remote  organs,  seem 
t<»  depend  oftener  upou  tlie  presence  of  pus-cocci. 

A  cocoas  is  described  as  trachoma  coccus  which  is  regarded  as  the  cause  of 
trachoma^  or  Egyptian  o^hthalmia^  or  conjunctivitis  granuhsa — a  well-known  inflam- 
mation of  the  ooujimotiva  and  of  thu  cornea.  According  to  Michel,  it  has  a  close 
resemblance  to  the  ffonocoocus.  but  is  smaller  than  the  latter.  It  stains  with 
all  the  basic  aniline  dyes,  and  tne  gentian -violet  stain  is  retained  by  treatment 
according  to  Gramas  method.  It  grows  on  nutrient  gelatin  as  well  as  on  coagulated 
blood-semm  and  agar-agar,  b«st  at  the  body-temperature,  requires  oxygen, 
and  forms  cultures  at  first  white,  afterward  tuminsr  light  yellow.  Transferred 
to  the  connective  tissue  of  the  human  eye,  it  is  said  to  cause  a  granulating  con- 
junctivitis, characterized  by  an  extensive  cellular  infiltration,  producing  in  the 
conjunctiva  Uttle  nodules  resembling  lymph -foUicles,  which  are  called  trachoma- 
nodules,  long  known  in  spontaneous  tracnoma. 

§  171.  The  Diplococcus  pneumoniae  (Weichselbaum)  is  a  coccus  which 
was  first  thoroughly  studied  by  Fraiikel  and  by  \V4'i<^hsolbaum.  It  occurs 
in  the  form  of  spherical,  oval,  or  lancet-shaped  cells  (Fig.  33'),  a,  6,  r,  d), 
in  some  in.'ttwK'es  naked  («),  in  others  surrounded  by  a  gehitinoiis  cajv 
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sule ;  and  it  often  forms  either  double  cocci  (b),  or 
spheres  in  chains  {c),  or  colonies  spread  ont  in  a 
plane  {d). 

-    ci       /*/    ^^s>v  j^^  Frankel.    a,  Cocci  without  a  capsule;  ft.  Single 

cocci  and  double  cocci  in  a  gelatinous  envelope;  c, 
Chain-cocci  with  a  gelatinous  envelope;  d,  Colonies 
of  cocci.    (Magnified  500  diameters.) 

According  to  the  observations  of  Frankel,  Weichselbaum,  and  others, 
it  is  the  cause,  in  a  large  number  of  cases — according  to  Weichselbaum, 
71  per  cent. — of  the  lung-affection  called  croupous  pneumonia,  in  which 
the  lung  is  the  seat  of  an  acute  inflammation  which  is  ushered  in  by  a 
congestive  hypersemia.  In  the'  course  of  the  disease  the  alveoli  over 
large  areas  become  filled  with  a  coagulated  exudate  which  consists  of  des- 
quamated epithelium,  leucocytes,  red  blood-corpuscles,  fluid,  and  fibrin, 
and  which,  under  favorable  conditions,  becomes  liquefied  and  absorbed. 
Numbers  of  observations  have  shown  that  it  can  cause  inflammaton^ 
processes  bearing  the  characteristics  of  catarrhal  bronchopneumonia — 
processes,  therefore,  which  encroach  upon  the  lung-tissue  by  extension 
from  the  bronchi,  and  which  are  characterized  by  the  appearance  of  an 
exudate  partly  serous,  partly  cellular.  The  cocci  are  found  during  the 
disease  principally  in  the  inflamed  area  of  the  lung,  but  they  maj'  also  be 
met  with  in  neighboring  areas — ^in  the  pleura,  and,  under  certain  circum- 
stances, in  the  pericardium, in  the  peritoneum, in  the  meninges  (A.  Frankel, 
Fo^  Bordoni-Uffreduzzi,  "VVeiohselbaum,  Ortmann),  in  the  cavities  adja- 
cent to  the  nose,  in  the  cellular  tissue  of  the  neck,  in  the  mediastinum,  in 
Uie  submucous  tissue  of  tlie  soft  palate  and  throat,  even  in  the  conjunc- 
tiva (Weichselbaum) ;  and  in  all  of  these  localities  they  cause  inflammatory 
changes.  Occasionally  tliey  may  be  found  in  the  juice  of  the  spleen  and 
in  the  blood,  and  are  said  to  pass  into  the  foetus  in  ]>regnant  women  (Viti). 
Theyaretherefore,undercL'rtaincircumstancet;,wide]ydistributed  through- 
out the  body.  Theymaycauseaserofibrinousinflanimationintliemeninges. 
the  plomw,  the  pcri(fardiuni,  and  the  peritoneum,  and  under  certain  ctm- 
ditions  they  injiy  also  cause  sei'opnrulent  and  flbrinopurulent  inflamma- 
tion, without  the  appearance  simultaneously  of  a  pneumonia.  They  can. 
furthermore,  eunse  inflammation  of  the  endocardium,  of  the  kidneys  ami 
of  the  j<tints  (Saniter),  and  are  also  found  in  abscevsse.s  (Haegler.  Ortmaini, 
Sai»itt'r).  In  many  cases  the  mouth  and  the  nose  and  throat — where 
they  are  occasionally  also  found  in  healthy  individuals  (Wei<'liKen)auni. 
Friinkel) — seem  to  form  the  portal  of  entrance.  Accordingly,  in  cerebral 
and  cerebrospinal  meningitis  (Wfichselbaum)  the  nuixillary  cavity,  the 
tympanic  cavity,  and  the  cribriform  lal>yrintli  often  contain  exudate  with 
diplocoeci.  The  diplococei  are  found  in  the  exudate  in  all  the  forms 
which  we  have  enumerated.  Tlie  gelatinous  capsule  may  show  a  verj' 
variable  thickness. 

In  cover-glass  preparations  the  cocci,  as  well  as  their  capsule,  stain 
well  with  fuchsin  and  gentian  violet  dissolved  in  aniline  water.  If  the 
cocci  stained  with  gentian  violet  are  treated  with  a  solution  of  iodine  and 
alcohol  they  retain  tlie  stain.  They  will  not  grow  on  gelatin  at  ordinary 
room -temperature,  but  on  slightly  alkaline  blood-serum  gelatin  and  agar- 
agar  kept  at  a  temperature  above  22°  C.  best  at  the  temperature  of  the 
human  body.    They  form  delicate,  translucent,  glistening  cultures  which 
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suggest  the  ikpowt  of  cWw  nu  a  i.'over- glass  (Fiiiukel)  ami  L'onsist  of 
(iiplococfi  ami  <*hiiiii-<'o<'t'i  without  t*upsuU's.  The  ^'owth  is,  however, 
scanty,  aiiil  i^jisily  di*>s  out.     Culliires  <io  not  siuH^tHMl  on  |M)tiiloes. 

luuculatetl  upon  raiihits,  gtiiuea-pigs,  and  mive^  they  multiply  in  tho 
form  ijf  eapsul('-eot'<!i,  esptjeially  in  the  blootl  and  in  the  st'n>us  cavities, 
and  may  also  i-ansr  jmeinnonia  with  bloody  serous  exudate  (Weielisel- 
haiun).  Kahhits  are  speL-ially  sensitive,  as  they  die  in  from  tliii*ty-siA  to 
forty-eight  houi-s  after  sulKMitaneous  iuo4'nlatiou,  witli  s^nnptonis  of  septi- 
eicmia.  If  pun'  cnltitres  are  injeetcil  into  tlit^  ]ilHurttl  eavity  of  rabbits  a 
pleurisy  results,  as  wt.^11  iis  a  splenization  of  tlii'  lung  in  which  the  ]mren- 
ehynni  is  tilled  with  a  bloody  si-i*tMis  exudate.  The  spntutn  of  a  pneumonia 
l)atieut  is  patliogi'uic  for  rabbit-s  since  it  «'oiiluins  the  eoeei. 

According  to  A.  IViinkel.  the  cocei  Inse  their  poisonous  proi>erties 
verj'  easily,  especially  if  they  are  cultivated  in  milk;  and  if  it  is  denired 
to  ri'lain  the  vindenrc  thcv  must  be  in^H'ulated  from  time  to  time  into 
susceptible  nnimals.  (.'ultivation  of  the  cocci  at  42^  0.  for  one  or  two 
days  destroys  tlieir  yirulenee. 


The  IMtilococciui  jutettmonue  belonffs  to  those  bacteria  whose  physiological  tiutr- 
acteri«tics  are  trry  raruibtf,  Fot\  distinguishes,  aocordiup  to  the  priiu'ipal  plaeew 
in  which  they  are  eucouutered,  a  pneurtivoKCua  and  a  matintfocucais.  Acc.crdiiijf 
to  Kititiicrieli,  in  bouiUou-riiltun'H  iheitt  is  tonned  a  sfdimcutat  tht^  hottAini  cnn- 
tftirdng"  Konic  rcHistHnt  forms  which  retnaiu  capable  of  devMlopnient  for  niouthB. 
Habbits  may  hv  reutlered  completely  iuiniune  (Emruerich)  by  repeated  injections 
•  if  much-dilHtt^d  cultures  (five  thousand  times  diluted)  of  increasing  N-inilcnco, 
so  that  ;W  cc.  of  cultures  of  full  virulence  are  borne  without  any  btrikiug  dit-- 
turbaucc.  The  injected  liaeteria  are  killcil  iu  tlie  course  of  a  few  ilnys.  The 
Hcrum  of  imnuinized  rabbits  can  cure  pneumococcus  infection  in  rabbits  and 
mice. 

The  Dijilocftccuii  pwuntrmifr,  it  is  true,  is  the  most  frequent,  but  not  the  only 
cause  of  croupous  pneumonia.  In  a  small  percentage  of  castas  a  gtreptococcuH 
occurs  in  puemuomc  Imitrs  that  resembles  very  closely  tlie  Strtptccoecux  pyogenes 
— |>ossibly  it  is  identical  witli  it,  (.'asos  alsi*  occur  in  which  the  cxu<lat<!  Cfintains 
the  Stnphf/{ocx/cr,n.t  pijogenrs  aureus,  alsiij  llie  iilhtvi,  siiinctiuics  alone,  sometimes 
along  with  dijvlococci.  Furthermore,  a  pnrt  of  the  eases*  are  to  he  refeired  ti» 
the  invasion  of  the  ItaciliuM  pneutnonite  of  Kriedlamler  (cf.  ^  17S).  Staphylococci 
and  streptococci  appear  particularly  in  pneumonias  occiu-ring  in  tho  course  of 
pya'mic  infections.  In  tho  course  of  other  infectious  diseases,  as,  for  example, 
t^idioid  fever,  eroupous  pneumonia  may  be  caused  by  the  specilic  bacteria 
in  question  (typhoid-baeilli). 

Bronchopneumonias — i.e.,  inflammations  of  the  hmgs  arising  from  inflam- 
mations of  tlic  broui'lii  or  from  inspiration  of  iutlammatory  imtants  from  the 
air-passages — have  a  very  varied  eiiologj-,  and  are  partly  attributable  to  the 
entranve  of  the  Diplococcwi  pneumoniae  or  of  Htaphylo<'occi  and  streptococci  into 
the  lungs,  and  partly  to  other  5tpecific  infections  tho  causes  of  whieh  are  unlmown. 
an  measles  ami  whooping-cough  :  often  also  to  mixeil  Infection  and  to  the  imfpi- 
ration  of  foul  substances,  etc. 

Klebs,  and  subseijuently  Eberth  and  K(K?h,  published  papers  upon  the  oc- 
currence of  cocci  in  crou]jous  i»neumonia.  More  thorough  mvestipations,  how- 
ever, were  first  made  by  Friedliinder,  Frobenius,  A.  Prankcl,  Weichselbaum^ 
TalainoUi  Seugiir,  Foii^  ^ordoni-Uffreduxzi,  and  others. 

§  172.  The  pathojrcnic  sifjnifieauce  of  the  barleria  above  mentioned 
is  proveil  l>y  experiments  upon  animals :  and  idth<uigh  the  biohig^'  of  these 
bacteria,  in  some  cases,  is  only  incoinidetely  known,  .*itill  there  is  no  ques- 
tion as  to  their  eticdogieal  conTieftion  with  the  diseases  ctmcenied  in  the 
maj<trity  of  eases. 
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lu  aiiotlier  category  of  infectious  diseases  cocci  have  been  often  ob- 
served and  described,  it  is  true,  and  also  pronounced  to  be  the  c&nse ; 
but  at  the  present  time  there  is  nothing  certainly  known  about  them,  and 
it  is  very  IDcely  that  many  of  the  bacteria  found  stand  in  no  sort  of  rela- 
tion to  the  diseases  concerned,  and  constitute  only  secondary  colonizations. 
To  this  category  belong  the  cocci  found  in  variola,  varicella,  scarlatina, 
raorbilU,  influenza,  yellow  fever,  acute  yellow  atrophy  of  the  liver,  and 
mycosis  fungoides. 

Among  the  infectious  diseases  occurrins:  in  animals  there  are  also  a 
number  supposed  to  be  caused  by  cocci ;  thus  the  cattle-pest,  the  pleuro- 
pneumonia of  cattle,  the  myofibroma  of  horses  (Johue),  and  the  pneumonia 
of  horses  (Perroncit-o). 

Various  affections  can  be  produced  experimentally  in  animals  by  tlu' 
inoculation  of  cocci — e.g.,  the  Micrococctis  tefragenuSj  the  staphylococci, 
streptococci,  and  the  IHplococcus  pnemnonm. 

Infectious  Diseases  of  Animals  said  to  he  Caused  by  Cocci, 

1.  According  to  Poels  and  Nolen,*  monococsci  and  diplococoi,  some  of  them 
with  a  gelatinous  capsule,  are  found  constantly  in  the  lungs  and  pleural  exudate, 
in  contagious  pleuropneumonia  of  cattle.  On  gelatin  and  agar-agar  they  make 
mostlv  white  colonies  that  later  become  cream-colored.  Pure  cultures  injected 
into  the  lungs  of  rabbits,  guinea-pigs,  do^,  and  cows  cause  pneumonic  changes. 
Comil  and  Babes  found  various  bacteria  in  the  exudate. 

2.  According  to  Semmer  and  Archangelsld^f  the  raicroparasite  of  cattle-pest 
is  a  micrococcus.  According  to  MetschnikofiE  and  Gamaleia,}  it  is  a  baciUos. 
The  disease  is  anatomically  distinguished  b^  intlanmiation  of  the  intestinal 
tract,  bearing  partly  a  croupous  and  diphtheritic  character,  as  well  as  by  swell- 
ing and  sometimes  even  by  necrosis  of  Payer's  plaques. 

3.  According  to  Schiitz.ft  the  epitlemic  lung-disease  of  horses^  infectious  pneu- 
monia,  is  caused  by  an  oval  coccus,  which  is  not  identical  with  the  iJiplococcus 
pneumonia  of  Frankel  or  the  Bacillus  pneumonia  of  Friedlander,  and  conse- 
quently not  identical  T^-ith  the  fission-fungus  described  by  Perroncito  ||  in  the 
pneumonia  of  horses,  and  held  to  be  identical  with  the  Uiplococcus  pneunwnue. 

4.  According  to  8chiitz,1[  Sand  and  Jensen, •■  and  Poels,ff  the  strangles  of 
horses  is  an  infectious  disease  in  whicli  the  mucous  membranes  of  the  upper 
respiratory  tract  are  the  seat  of  a  mucopurulent  inflammation,  in  which,  more- 
over, the  lymph-glands  pertaining  to  the  part  become  swollen  and  some  of  them 
suppurate.  It  is  caused  by  a  coccus  in  chains,  which  may  be  cultivated  and  which 
produces  strangles  in  horses  on  inoculation  (Schiitz). 

5.  According  to  Hess  and  Borgeaud,tt  the  infectious  inflammation  of  the 
udder  which  is  designated  yellow  Gait,  and  whicli  occurs  in  cows,  goats,  and 
sheep,  is  caused  by  a  streptococcus. 

G.  Babes  found  in  hemoglobinuria  of  cattle — a  disease  that  occurs  in  opi- 

*  Fortschr.  der  Med.,  1886. 

t  Centrum,  f.  d.  med.  Wiss.,  1883,  and  J).  Zeitschr.  f.  Thiermed.,  xi. 

X  Cmtralbl.f.  Bakt.,  i.,  633. 

i  "  Die  Ursachen  der  Brustseuche  des  Pferdes,"  Archivf.  nnssensch.  «.  prakt. 
Thierheilk.,  1887,  and  Virch.  Arch.,  107.  Bd.,  1887. 

11  Arch.  ital.  de  biol.,  \\\.,  1886. 

IT  "  Der  Streptococcus  der  Druse  der  Pferde,"  Arch.  f.  tcissensch.  h.  prakf. 
'J'hierlieilk.j  xiv.,  1888,  and  Zeitsch.  f.  Hgtfiene,  iii. 

•*  "  Die  Aetiologie  der  Druse,"  Deutsche  Zeitsch.f.  Thiermed. j  xiii. 

tt  "  Die  Mikrokokken  der  Druse  der  Pferde,"  Fortsch.  d.  Med.j  vi. 

it  "  Eine  contapriose  Euterentzundung,  gelber  Gait  genannt,"  Schiceizer  Arch. 
/.  Thierheilk.,  30.  Bd.,  1888. 


THE   BAinLU   AND   THE   MORBID   PROrKSSES  CAUSKD   BV   THKM. 


4riO 


ilemics  in  Rumania — a  coccus  resembliTiff  the  gonocoiMMis,  which  he  reganls  as 
the  cause  of  the  (liaeu«f.* 

7.  xVecording'  to  Seinmer,  Friedberper,  and  Mathis,f  the  dwtemper  o/doffs  \s 
aha  caused  by  a  coccu.**,  which  cau  be  cidtivatod  pure  and  which  causeH  the  dis- 
tenipur  in  di>g>*  when  it  is  inoculated  ftubcutaueonsly. 

8.  Th*'  fooi'ftud-moitth  disffise  of  mitl^,  according  to  Klein,  is  cnusied  by  a 
sti-eptococcus  {  whicli,  on  nutrient  ^Jatiu,  bUMKl-Bernin,  and  a^r-ajfar-jwptone 
liuuillon,  slowly  develops  colonies  in  the  fonii  of  closely  ng-g:reg:ut<Hl  small  points 
or  drop-like  spots.  In  ivceni  years.  SchotteliiLs $  and  Kurth  ||  have  also  found 
a  streptocoircu»  in  the  orjfans  of  animals  sick  of  the  foot-and-mimth  lUseasc; 
but  tht!  baclorin  des<rribed  do  not  corres|K>ud  with  one  another*  iind  the  patho- 
lo^^icJi]  siynilieaiico  is  doubtful.  Johuf  lias  publislu'd  a  review  of  the  work* 
pnbliftheil  up  to  the  jiresent  time  on  foot-.inil-mondi  discase.H 

i).  Aceoidinu:  to  Kivolta  and  Johne/*  and  Kabe.+f  there  owfwrs  in  horses  a 
peculiar  tiunor-liko  ijrowth  of  the  eonufctive  tissue,  called  by  Johnt*  tntfcofiOromn 
or  mi/t.vde.smoi<if  which  is  ca.used  by  a  micrococcus  tliat  grt>ws  in  the  auiuial  tis- 
8U»'«  ui  ixmudor  jji-ape-chister-liki-  cnlotiiea.  Tfiese  quivkly  become  surruuntled 
by  a  hyaline  eupsulH,  and  are  therefore  to  be  reekonwl  as  ascorocci  {Microcort-us 
asat/'truinit-'i).  Tho  tnniefactifm  consist.'",  similarly  to  that  of  ncti  no  mycosis,  of 
eonuectivy  tissue,  im-losiiijy  small  foci  id"  pr*tliferation,  which  break  down  iuto 
pus.  The  foci  harbor  the  funjri.  They  seem  to  develop  oftenest  in  the  spt-r- 
matic  cord,  aft<?r  castration.  Thev  appear,  however,  in  other  parts  of  the 
body,  t  J 

10.  Accordinjf  to  Elwrtli  H  ami  M.  Wolef  1lll  a  larjrennmlwr  of  the  itrray  par- 
rots {Psilliicug  rrHhacttii)  imported  into  EurojK'  the  of  a  StrtptttoKCus  mt/cvuvt.  The 
micrococci  are  prest>nr  in  m^arly  all  the  orj^ans.  i)ut  especially  in  the  capillaries 
of  the  liver  and  their  iieijjfhborliood,  where  they  cause  necroses  of  the  Hver-ccUs, 
but  uo  suppuration. 

11.  Accordiu^f  to  Kberth.^lT  some  itf  the  p-iiiuloi  ul'ii'Tciifuns  proceaws  wcur- 
rintf  ill  ^uitten-pipt  ivjnvsent  a  chronic  sui»|iiiiiiiiiiii  ilmi  is  produced  by  cooci^ 
and  that  sometimes  leads  to  metastases  iu  other  organs. 


2.  Thfi  Jitlrilfi  aitrl  the  Mothtil  ProcexMe,H  Catised  ht/  Thrtu. 

(a)  Vf^tative  Fonns  and  Method  of  MuUiplicntion  of  the  BaciHi, — Non-pathofffnic 

Saprophf/tk  liacitli. 

§  173.  At  jn'csent  all  those  Imcieria  whidi  form  rods  liy  their  growth 
and  rejn*o<Uietion  are  elassetl  iindiT  the  term  bacilli-  (.'onseiiiieutly  the 
mifi'ohftrftfrut  (aecording  to  the  diissitifation  of  CVdin),  us  well  as  the  </(**- 
tiwimrteria  desigiiuted  Uuciiii,  are  im-liidrd  under  this  eiiiieeidion. 

•  ''Sur  rheuioplobmurie  batterienne  du  btpuf.*'  Compt.  revd.  df  VActtd.  dea 
Seiencfft  de  l*art.<,  cvii.,  lS88 ;  IVrcA.  Arch.,  115.  Hd.;  and  Atiiud.  de  rinstit.  de 
Pathol,  (i  liuatn-Ml,  181*0. 

t  CcHlralhl.  r.  UuU.,  iii.,  .343. 

t  Ceutraiid.f.  d.  inrd,  Wiss.,  1886. 

^  "  Ueber  eiueu  bakter.  Refund  bei  Maul-  u.  Klauenseuchc,*"  CentraVA.  /. 
li^tkt.,  .xi..  1892. 

Bakt.  Untersucb.  bei  Maul-  xi.  Klauenseuche,"  Arh.  ausdttn  Hrichngesund- 
heniiamU  viii.,  1893. 

H   I>fttUrhe  Zdhrh.f.  llonmed.,  .xix-.lSnS. 

••  Deutsche  Zeitsrh.  f.  ThiWuteti.,  jcii.,  and  Btricht  uhrr  das  VeierinnrwefeH  im 
Kiiniffr.  Snchsett  f.  dnttJahr  18>»0. 

ff  iJentsche  Zeitach.  f.  Thienited.^  xii. 

it  Kitt,  "Der  Mioocovcits  mc^otfiianfi  uud  das  Mvkuflbrom  des  Pferdes," 
CtHtrtdhl.f  hakt.,  iii„  ISRS. 

H  Virrh.  Anh.,  80.  B<i.  ||||   Virth,  Arch.,  92.  lid. 

fU  Vndi.  Arch.,  UK).  Bd. 
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The  bacilli  multiply  by  division.  Tlie  i-ods  grow  in  length  nntl  diviilt* 
into  aj)pri>xitnHtWy  eqmil  pnrt.s  by  tin*  jippcannnT  of  n  tninsvcrHe  wall 
tjf  division.  If  tlie  di%*isiou  (if  the  nttl  that  is  growing  ont  in  lenijth 
does  not  t^ikr  |ihu'*'  for  some  tijuc,  or  if  the  divisi<m  between  the  differ- 
ent \)aris  is  not  easily  reeoguizKl,  there  result  long  jointless  mds  or 
Jhrejids  (Fig.  337,  b).  If  the  divided  rods  renndu  hanging  together  they 
form  eliains  of  rodw  (Fig.  33G,  r.  and  Fig.  337,  r).  In  ninny  forms  of  bac- 
teria tlie  ends  are  blunt,  iu  others  rounded  or  even  pointed. 


Fig.  33C. 


Fig.  a37. 
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Fio.  336. — Baciilug  guhtilis  in  different  stages  of  development.  (After  Praz- 
mowski.)  0,  Separate  rmU;  ft,  Rodf*  witli  Hagella;  c,  Chains  of  rods;  ft.  Separate 
celJa  with  spon's;  e,  Chains  of  rods  with  spores;  fi-fn^  Germination  of  spores, 
(Mngnitied  800  dianu't<;rrt.) 

T\a.  XM.  —  CtuslrUiiitm  buli/nct4m.  (After  Prazmowski.)  a,  Short  rods;  h. 
Long  ruils;  <*,  ^'hniiis  of  rods;  (/,  Cells  witli  spores;  ei-<T,  (iermiuation  of  spores. 
(MHguift^>d  SOO  diameters.) 

In  manv  baeilli  irsting  stages  us  well  as  swanning  stages  are  observed, 
in  whirh  tlie  flugelln  serve  hs  organs  of  loeoniotion  (Fig.  3.36,  h).  The 
fingidhi  are  sitnntt^d  sometimes  at  the  ends,  sometimes  on  the  sides  of  the 
rods,  and  may  oiM-ur  iu  large  nund>ers. 

In  nniny  hin-ilU  eiuhjgenie  spore-formation  is  ob.ser\'ed  (Fig.  330,  f/,  f, 
and  Fig.  337,  fl),  in  whirh  the  sjjon^  sometimes  lies  in  the  middle,  some- 
times in  tlie  end  of  the  eell.  Not  infreciuently  the  spores  appear  in 
jointfd  threiuls.  The  germination  of  spores  i-esults  in  tne  formation  of 
new  rods  (Fig.  33(1.  /'i-t',.  Miid  P^ig.  337,  ti-t-;). 

A  notieeable  elutui.'"'-  "I  shiipe  does  not  usuully  take  pliK'o  iu  the  rods 
in  wpore-fornmtion.  In  other  eases  the  rr>ds  assnme  a  spindle  shape  or 
cbib  shape  or  penr  shajie  (Fig,  337,  tl),  and  tliis  !ius  i>een  taken  as  ground 
for  establisliing  a  special  gmnp.  Clostridium.  Nnml>ers  of  authors. 
nevertheless,  reckon  the.se  forms  jil so  witli  the  1)a<*illi. 

In  the  non-pathogenie  Itueilli  KpiM'e-formation  atid  germination  have 
been  more  exactly  studied,  espeeinlly  in  HitrUhis  siihtifh  and  littnlfns 
nmtjiohttfttf,  mid  thi'se  offt-y  good  exHrnjiIes  of  the  pnteesses  whieh  come 
under  eiinj^iiii'mtioii  in  this  cimneetion. 

Bacillus  subtilis  is  a  tissitm-fungus  whoso  siM»res  are  very  widely  dis- 
tributed in  the  iiir,  nut)  ctjnseijnently  is  met  with  on  various  objwts. 
It  can  be  obtained  by  h-aiving  an  infusion  nf  hay  open  iu  the  inon- 
batcu".  ("nltivated  upon  slices  of  |jotiito  *>r  upon  dung  of  herbivorous  ani- 
mals, it  forms  whitish-velhtw  <']uni])s  ;  on  liipnds,  tlnn  and  thick  pelliclt*s- 
Ir  requires  oxvgen  for  its  devehipment. 

The  fully  "grown  cells  (Fig.  330.  /j)  tu-e  6  n  long.     The  8nake-lik« 
motions  sometimes  seen  are  produced  by  omj  or  two  flagella  [b).     Tt^B 
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^•owth  of  the  rods  is  at  first  in  the  form  of  undivided  threads ;  when 
these  are  segmented  chains  of  bacilli  are  formed.  The  separate  cells  may 
develop  in  their  interior  glistening,  sharply  contoured  spores  (rf,  e),  which 
lie  either  in  the  middle  or  nearer  to  one  end.  Subsequently  the  cells  out 
of  which  the  spores  have  been  formed  perish.  In  germination  the  spore 
(Fig.  336,/i-/5)  becomes  pale  and  loses  its  glistening  appearance  and  its 
sharp  contour.  Then  at  each  pole  a  shallow  appears,  while  the  spoi*e  be- 
gins a  trennilous  motion.  After  a  time  the  contents  of  the  spore  project 
from  the  side  of  the  membrane  in  the  form  of  a  germinal  diverticulum, 
which  becomes  elongated,  divides,  and  produces  swarming  staves.  The 
empty  spore  membrane  may  remain  preserved  for  a  time  after  the  exit 
of  the  embryo. 

Bacillus  butyrlcus  {Bacillus  amylobacter  of  van  Tieghem,  VWnon  hnty- 
riquf  of  Pastenr,  Clostridium  hutyricum  of  P*razmow8ki)  possesses  staves 
of  3  to  10  ju  in  length,  and  also  produces  threads  and  chains  of  rods.  In 
spore-formation  the  cells  become  spindle-shaped  or  club-shaped  and  tad- 
pole-shaped (Fig.  337,  rf),  and  then  produce  one  or  two  glistening  spores. 
In  germination  after  absorption  of  the  spore  membrane  a  germinal  tubule 
protrudes  from  one  of  the  two  poles  (Fig.  337,  e\-fT),  Tliis  becomes  pro- 
longed and  forms  new  staves  by  segmentation. 

Bacillus  bufyrictts  needs  no  oxygen  for  its  development,  and  produces 
butjTic-acid  fermentation,  with  evolution  of  carbonic-acid  gas,  in  solutions 
of  starch,  dextrine,  sugar,  or  glycerin.  In  starch  or  glycerin  or  nutrient 
fluids  containing  cellulose  the  bacilli  stain  blue  with  iodine. 

§  174.  Saproph3rtic  bacilli  cause  many  kinds  of  fermentation  by  their 
growth  in  nutrient  fluids ;  many  of  tliem  also  form  pigments. 

Bacillus  prodlgiosus  grows  on  potatoes  and  bread,  as  well  as  on 
agar-agar  and  nutrient  gelatin.  It  liquefies  the  latter,  and  produces  a 
red  coloring-matter  which  is  soluble  in  alcohol.  The  coloring-matter  de- 
velops only  where  ox}'gen  is  present.  In  the  growth  in  milk  the  color- 
ing-matter is  contained  in  the  fat-droplets.  The  bacilli  themselves  are 
always  colorless. 

Bacillus  f luorescens  liquefaciens  produces  iu  gelatin  whitish  cultures, 
and  in  the  neighborhood  of  these  the  gelatin  l)ecomes  liquefied,  while  the 
gelatin  in  the  more  remote  surrounding  portions  fluoresces  with  a  yellow- 
ish-green color. 

Bacillus  cyanogenes  (Neelsen,  Hueppe),  when  cultivated  in  sterilized 
milk,  produces  a  slate-gray  color  that  changes  to  intense  blue  on  the  ad- 
dition of  acid.  In  unsterilized  milk,  where  lactic-acid  bacteria  develop 
wimxdtaneously,  the  blue  color  appears  without  the  addition  of  acid.  On 
potatoes  it  forms  yellowish  slimy  cultui'es,  in  the  neighborhood  of  which 
the  substance  of  the  potato  is  colored  grayish  blue  (Fliiggo). 

Bacillus  acidi  lactici  causes  fermentation  of  sugar  of  milk  in  lactic 
acid,  and  produces  coagulation  of  casein.  Tlie  cultures  obtiiinod  in  gela- 
tin are  of  a  white  color. 

Bacillus  caucasicus  {T>ispora  eoHcasira)  forms  one  of  the  fungus  con- 
glomerates that  is  called  kefyr  fcnnent,  which  the  inhabitants  of  the 
Caucasian  Mountains  use  in  the  preparation,  from  milk,  of  the  alcoholic 
drink  called  kefyr.  The  kefyr  ferment  consists  of  small  granules  which 
contain  yeast-cells  along  with  rods.  Tlie  bacilli  occasionally  show  motile 
forms  and  develop  on  the  ends  of  *'ach  rod  a  round  spore.  By  their 
growth  in  the  milk  the  milk-sugar  is  probably  converted  into  glucose,  while 
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the  yeBst-c*?lls  prtidiic*'  alcoholic  fermwiitiitioii.  Acconliiigr  to  Hueppe, 
the  kcfyv  granules  t'oiitjiin  still  other  liartt^riti  thiit  peptonize  caseiD. 

llunscr  4li*s('.nlH'ii,  utKitr  ilic  tmiiu-  ut*  Proteus  vulgaris,  a  form  of 
buoiJhis  wliicli  vory  ofteu  occurs  ia  putrefying  aiiiiiiul  suliytttuces  aud 
ctktis<.*8  the  foul  puli-**ftu'tion.  It  foinus  staves  of  very  varied  length,  antl 
produces  when  ruUivnted  in  meat  (Carbone)  tethylendiamine,  iipuiiuiii, 
and  triniethyliimine.  uf  whieh  the  first  lw<i  Imses  are  poisouuus  f<ir  ani- 
mals. Acfordinj;  to  ohs<'rvutions  of  Boi-dnui-VffivdnzKi,  FoA,  Bounnic, 
auil  Hanti,  certitiii  liin'illi  rli»s*'Iv  rt-seinliUu^  (hp  prolmsof  Hansrrweni  to 
be  jtathotffuic  fnr  hiniiuu  brings  and  capable  of  eausiiig  bloud  infection 
as  M'ell  as  iiitt'sliunl  affi'rtious. 

Bacillus  aceticus  {Mtjunkniia  Hciti)  is  a  bacillus  which  Cf»nvert8  the 
alcohol  of  fermentwl  beverages  iuto  vinepir. 

Bacillus  pyocyaneus  occurs  occasionally  in  bandages  from  Fit]ipnnit- 
iiitj  wuuiiids.  aiul  eansen  a  pTecnish-l)I[]i'  discoloration.  Tlit;  bai-illi  are 
small  and  sI<-iidtT.  The  cnlturcA  show  ditferciil  forms  of  jjrovtih.  (icia- 
tin  is  li«[u«'fi*'d  and  tnriit*<l  green.  Tlic  coluriiig-aiatter  called  pyoeya- 
nine  is  solubli'  in  rlilornform  ami  crystallizes  out  of  solution  in  long  blue 
needles.  The  baeijlus  is  patbogenif  for  rabbits,  gninca-pigs.  pigi-ons.  and 
frogs,  uiid  eanses  tm  inrtrnlation  sometimes  local  nleeration,  sometimes 
general  int"t*etiou.  Aeeording  to  Kossel,  it  is  pathogenie  for  chihlron  and 
catiscs  inllammation. 

Bacillus  saproj^nes  was  disc(>vered  in  foul-sniclling  seci'etious  by 
KoseubjK-h,  who  sliovHcd  thai  ihc  barilli  <'ause  a  foul-smelling  putrefaction 
in  meat. 

Bacillus  uretc,  a  shorl,  rather  brotul  i-od, is  often  f<aind, according  tt> 
Lcub*\  in  old  urine,  anil  ciaiverls  the  urea  into  carbonate  of  ammonia. 

A  (issioii-fnngiisfroMi  llieeavity  of  Lhemoulh.desi'ril»ed  as  Leptothrix 
buccalis,  forms  long.  thin,  not  visildy  jointed  llirrads.  wliieh  aiv  oft<'U 
ini.xed  wilh  coci-i,  and  lV»nu  masses  tliat  stain  violet  when  tn^ated  with 
iodine  aud  acidH.  Acconling  to  (dtservations  of  Tranbe,  Lcyden,  and 
Jaffe,  it  also  ocr*nr.s  in  gjnigi'enous  Iting-tissue.  Fdrstor,  O.  (Jraefe,  aud 
Colin  oliserved  it  in  eoncn'tinns  of  th**  tear-passHge.  It  is  assumed  by 
many  authors  to  bi-  the  cjmsi^  i>\'  eari«*s  of  (he  teeth.  Very  likely  lepto- 
thrix repre.setits  men'ly  the  thread  form  of  different  bacteria. 


Fomiorly  Bncterium  termo  wan  named  n&  one  of  the  most  familiar  forms  of 
bacteria.  It  was  ilewcnlx**!  as  a  simhII  hkI,  stttnewliat  roimtrieted  ia  the  middle, 
from  I  to  1.5  ti  ia  lentftli :  8ortietiiiie.s  ^li.Hleiiing,  sotnelinies  bliiek,  Aocording  to 
the  ftH'.UBsinp  of  tlie  njiemsiiiipe ;  winietiineR  at  rest,  sometimes  in  more  or  less 
active  motion.  Aeenrdinp  l<i  Ilauser,  however,  Uncterinm  termo  merely  repre- 
sents a  form  of  growth  of  protons,  and  can  therefore  no  longer  be  regarded  aa 
a  separate  species. 

(6)  I*atfuufenic  BaeiUi. 

§  IT"*.  Bacillus  anthracis  {fUrrtrritHf  tin  charhon)  is  the  cftuA*'  of  tiu- 
thrni,  an  infections  di.sease  which  occurs  nuiinly  in  cattle  and  .'^heep,  but 
whieii  is  uerasionally  traiistVrred  to  human  beings.  It  is  a  Ussion-fungus 
thai  ean  inuliiply  inside  the  lissiu's  as  well  as  in  the  bhunl  when  iuoeu- 
lalj'd  into  a  suseeptible  animal  organism.  * 

The  antlira.N-baeilli  (Fig.  .T^Hiare  fr«»m  ;Ho  lO/ihiug  and  fn>m  1  to  1.5 
}t  bnawl.  In  the  blood  of  auiuuUtf  dead  id'  anlhnix  they  lie  separate  or  in 
tln-eaddike  joiuletl  bai*^*  "  i  two  to  ten  slaves.  Tlie  ends  are  a»  a 
rule  sharjily  e.utac^  ■  Uliit),  tnore  schhun  slightly  conejive 
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or  even  convex  (Johne).  According  to  Seraflni,  Gunther,  and  Johue,  they 
l>ossess  a  gelatinoas  capsule,  which  can  be  best  made  visible  in  dried  prep- 
aration by  staining  with  methylene  blue  (Giiuther).  They  can  be  culti- 
vated upon  blood-serum,  upou  gelatin,  in  bouillon,  on  slices  of  potatoejs 
aiul  turnips,  in  infusions  of  pease 
and  mashed  seeds  of  different 
kinds,  in  the  presence  of  oxygen. 
They  grow  most  quickly  at  a 
temperature  which  varies  from 
30^  to  40O  C.  Development  is 
impossible  at  a  temperature 
below  150  C.  and  above  43°  C.  j 
it  is  also  impossible  in  the 
absence  of  oxygen. 

Fig.  338.— Section  of  liver  with 
capillaries  containing  numbers  of 
anthrax-baoilli  and  a  few  leuoo- 
eytes.  (Preparation  treated  with 
gentian  violet  and  veauvin.  Mag- 
nified 300  diameters.) 


MmAmmM 


If  the  conditions  above  mentioned  are  present,  the  staves  grow  in 
length  (Pig.  339),  and  may,  in  a  few  hours,  form  threads  of  considei-able 
length,  devoid  of  membranes.  These  are  made  up  of  short  segments 
that  are  rendered  visible  only  by  treatment  with  iodine  or  with  some 
coloring-material  (Fig.  339).  Ten  hours  later  the  clear  contents  of  the 
threads  become  granular,  and  at  regular  intervals  bright  glistening  bodies 

become  apparent,  which  enlarge  into 
strongly  refractive  spores  (Fig.  339).    Later 

^VJ»*"""»j»*^  on,  the  threads  disintegrate  and  the  spores 

^L**fci.  ^^_  become  free. 


ff* 


Fio.  339. — AnthraZ'bacilli  containing  spores, 
and  free  spores  that  have  escaped  mxo.  the 
bacilli.  (Cover-fflass  preparation  treated  with 
fuchsin  and  methylene  blue,  from  a  cuhure  of 
the  bacilli  on  a  potato,  imder  the  stimulation  of 
heat  in  an  incubator.) 


According  to  Brefeld,  Prazmowski,  Klein,  and  others,  the  spore  con- 
sists of  a  protoplasmatic  centre  which  is  surrounded  by  a  double  mem- 
bi*ane,  the  exosj>orium  and  the  eudosporiuni.  In  germination  the  former 
is  ruptured  and  the  latter  becomes  the  membrane  of  the  liberated  embryo. 
The  liberated  embryo  mtiltiplies  by  division. 

Swarming  is  not  observabU*  during  the  entire  process  of  development : 
the  l>aciUi  are  always  motionless. 

The  anthrax-bacilli  easily  die  under  the  influence  of  high  tenii)eratnres, 
when  .subjected  to  drt'ing,  and  in  the  presence  of  a  nutrient  medium  whicli 
luus  become  putrefied.  The  sjmres,  on  the  contrary,  are  very  resistant, 
and  consequently  are  the  ortUnnrj-  medium  of  the  transfer  of  the  disease. 

Colonies  in  gelatin  show  a  wavy,  irregularly  shaped  margin,  and 
consist  of  wavy,  curly  bai»ds  of  threads  that  subse<|uently  grow  <nit  of 
the  culture  in  various  directions.     Tlio  gt^latin  becomes  li<[uelied  in  the 
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iminediatp  nei^hlM>rbr>od  of  tbf>  eulturp.  On  slices  of  potato  they  teat 
praybfhwhit^  pHJliires  that  appear  slightly  gninular  (Plait*  L,  Fip-  5)l 
with  distiin't  outline.     TTiey  form  a  whitish  r^iahn^  on  bl)N»fl-seninL 

StAb-ctUtiircs  in  ^•'latin  are  wliit**,  and  in  the  prooe^  of  growth  tber 
radiate  at  right  angles  frf>m  tht*  track  uf  iuuculatiou.  e»(>eeiaUy  Dvar  tne 
mrfaee.    After  Uqnefactioa  of  the  gelatin  ther  sink  to  the  bottom. 

If  the  bacilli  or  hjKirfK  get  into  the  bWKi  they  multiply  and  prodiwe 
the  «tave«  a)jo\-e  <les«Til>t?<l.  which  can  be  readily  obeeired  in  a  drop  of 
blwNl  taken  from  a  ve.smcl  and  Rtain*^^!  with  gentian  violet.  On  deculor- 
izing  the  preparation  by  (irani'H  method  it  will  be  found  that  thesie  staves 
r»-tain  the  utain.  Seetiftns*  of  hardened  organs  sliow  that  they  are  prt-^^^t 
in  large  numl>ers  in  the  eapilluri*-.s,  esjK*eiiilly  of  the  spleen,  of  the  liver, 
of  the  lungK,  and  uf  tlie  kidnpyK.  The  rifntigiioui^  paivueh\'Dia  of  the 
tiarae  usually  appeurx  uuehanged ;  MtUl  the  hieal  growth  of  tlie  bacilli 
nUMr  prfKlnce  degeneration  of  tinmie  and  neerosiit.  especially  in  the  splren- 
pnip.  If  an  iufertion  of  the  blood  takes  place  during  prAgnauejr  the 
infeetiiju  may  go  over  Ui  the  ftrlUH. 

If  anthrax-bacilli  or  their  sporea  get  through  little  wounds  of  the  akin 


Fig.  340.— Soctiou  through  an  anthrax-pustule  ten  daysoW,  extirpated  from 
the  arm  of  a  Hinri.  a,  Kpidi-riiiis;  ft,  Corium;  c,  Papilbry  body,  tiHU'iiiatous. 
swollpn,  fltlwi  with  exiidnte  and  bacilli;  rf,  External  layer  of  the  Poriiiin  nifll- 
trated  with  celU;  rf„  The  Rami'  containing  haeilli;  f,  Det'pt-r  laversof  the  conuin 
ijo!itjiiniug  hunds  of  oirlls;  f.  TiHsuert  of  the  skin  mterspei-sed  with  bat'i'h  and 
vA[n;  g,  Hloodv  exudiitc  on  tlio  Burfiice  contolning  baoilh;  A,  lliiir-follu'Iej  i, 
8w..»t-glnnd  coil.  (Prfpanilion  hjirdcned  in  alcohol,  treatt-d  jnth  .f?t*ntian 
vioh-t,  iodine,  and  veauvin,  and  mounted  in  Canada  balsam.  Maginded  Jo 
dianu'turs.) 
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ill  human  y>eiiigs  tliey  develop  a  soinewhat  ele\'ated  pustule  with  arched 
e)T  HiUh'iii'd  surfacf  {^1^.  'Mi)},  usinilly  from  six  milliniftros  ti])  to  sfveral 
fiMitinu'lrus  in  dijuncl*'!-.  Tlie  piistulf  is  if  d  or  jM>?;hilj]y  nmre  of  ayt'll<iw- 
Uh  color.  It  is  oftt'ii,  in  time,  (.'overed  v>hh  ve.Ni<_'lej<.  or  at'^T  the  lojss  of 
flpitht'liuin  it  IjciKtmes  moist ;  tuid  hy  the  drying  t»f  this  exudate,  whieh  is 
ot'teu  bloody, a  srab  is  foniied  (Kifj.  ii4i>,  tj).  hifri'tion  tnkrs  phiei*  in  pttr- 
sons  that  butcher  or  bury,  <»r  prepant  tlie  skius  of  aTiinuils  airt'cted  with 
anthrax  ;  (jcrnsioually,  ids*^,  it  is  ronveyed  throngli  thr  -Ming  of  a  tiy  lliat 
has  taken  up  the  blood  of  an  animal  aiferti'il  with  aiitltriix. 

The  eenti*e  may  beeonie  deprcswd  by  the  I'onriation  of  the  scab  in  the 
middle,  the  edgi's  forming:  a  wjill  around.  The  neiyhborbood  of  the  pus- 
tule is  .sonieti?nes  little  rliauj^Hd  and  wmiftinics  red  and  swoUen.  and  may 
be  oeeupii'd  by  srnuU  yellowish  or  bluish  red  vesirles  (\V.  Koch  I.  If  the 
proeess  reniaius  loral  tin;  slon^ljinjj  i»nstiilc  may  be  (hr4nvn  oft".  Iiif«c- 
tiou  of  the  blood  is  folhiwed  by  fatal  eonseipieuees.  In  rare  cases  infec- 
tiou  shows  itself  in  a  wide-spread,  intense  (jedcmatous  swelling  of  the  tis- 
sues without  tlie  f(>nnation  of  a  ciri-u]nseriln'<I  pustule. 

In  tberefrion  of  a  fully  developed  ant linix-pustule(Fijr.  340)  theeorium 
{tl,  (h)  and  ]MJpilJiu*y  Imdy  (r)  become  permeated  by  a  eellnliir  serous  antl 
bloody  exudate  as  well  as  by  bacilli.  The  bacilli  lie  in  the  extenuil  portions 
uf  theeorium  if/i)and  in  tbepapillaiy  body  (r) ;  Imt  tlicy  enn  tinietrate  into 
the  deeper  layers  of  theeorium  (/).  lu  tliere^on  of  thepajjillai-y  liody  (r) 
the  exudate  is  sanguinnlcnt.  Vi-.^iides  tilled  with  bloody  fluid  result  if  the 
exudate  extends  up  to  the  epithelial  eoverinif  and  if  the  deeper  portions  of 
the  Kitter  become  rKiuefied,  tfjcreby  perniiUing  the  superlieiHl  portions 
to  be  lifted  up  by  tlie  exuded  tluiil.    If  the 

upjier  layers  <if  skin   are  lust  tlie  bJiMniy  k**  /  /  ^  ^  ^--*-'jfr 

tlnid  eontnining  bacilli  (tj)  "  '      ^   r  .   *>.  » 

surfaee.  o.ti'.j  ^'*  v\i."*vw«.''^ 


Fto.  341.— Section  from 
anthrax-pustule  where  the  tissues  contained 


'?'*  >&')»'•,«*  ffftL    TO 
a  portion  of  an  '~V'5>1  w'SV^KL 


bacilli.  (Pn-paration  treated  nceordins  to  *'^'i*  \^  vS^^I^^  ^  *r 
Gram's  iin'thnd  with  gentian  violet  aiiJ  then  M^k..  *f '^»«  Wt^itk' 
eoldced  afterward  with  vesmnn.      Ma^ified 

350  diami3tx:'rs.) 

The  eeUular  infiltration  lias  its  seat  mainly  in  the  eorium  (rf,  rfi,  a), 
and  it  nmkes  the  impression  as  if  the  great  massing  of  fells  would  fonn, 
to  a  cei'tiiin  extent,  a  jirijteetion  against  the  further  eneroaeliment  of  the 
Inieteria. 

The  cells  that  a<*eumulate  are  for  the  most  part  p(>lynuelear  IcutHJcytes 
(Fi|f.  3ritt).  The  talking  up  of  %ngt>roti»,  strong  bacilli  into  the  eells  does 
not  take  pla4*e;  eonse(piently  the  influeuee  of  the  eelis  upon  the  devel- 
opment of  the  baeilli — if  any  such  influeu(*e  exists  at  all-^ninuot  lie  in 
this  lU't  of  "devouring*'  <in  the  part  of  the  eells. 

If  infeetion  with  antliriLX-spores  takes  place  in  the  intestinal  eanal 
the  lesiims  an-  usually  located  in  the  region  of  the  small  intestine,  iu(tre 
seldom  in  the  stomach  and  large  intestine,  ami  disease  foei  are  formed 
whicli  res*'Tnb|e  in  a  general  way  the  pustules  on  the  skin,  and  which  eon- 
sist  of  reddish-blaek  or  reddish-brouni  ImMnorrliagic  foc-i  the  size  of  alenlil 
or  bean,  with  a  grayish-yelhiw  or  greenish  yelhtw  diserdored  slough  in  the 
middle.  In  otlier  ejises  tlie  crests  of  the  folds  t)f  the  mnciius  membrane 
are  swollen  and  show  hnmiorrhagie  intlltnttion,  and  tlirniost  ju-ominent 
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part8  show  evi(it'iu;t*s  of  sloufjliiiiff.  Tlio  niuoosa  and  subinueowi  arc  iiifil- 
trated  with  h!<jn<J  in  ilw  rcf^ion  of  the  fftri ;  the  sjirn.miiiliiif''  tissue  is 
aMlonmtous  and  liyjH'm-iiuc  lu  these  f(K*i,  lis  well  us  in  their  surnunui- 
iiijfi?,  the  tis.sue  coutaius  ))«eitli,  e^sIH'r•ialU■  in  the  hlood-  iiikI  lymph- vessels, 
and  they  imiy  he  einially  well  i*eeii  in  the  swoUen  lympli-glaiuls. 

Aee(>rdiiig  to  ohsenations  nf  Eppinger  and  PaltHuf.  pritnary  hing  in- 
fection 4>L*(Hii's  by  inhjUation  of  uiUhiax-sp<n-es,  usually  proving  fatal  in 
fl*om  two  to  seven  days.  Individualh  tliat  liave  U*  Jiauille  the  tmii'ot'Hui- 
mats  that  have  dieil  of  authrax  are  speeiaJly  expiised.  Kag-soi*ters'  disease, 
(K-riirriiig  in  the  rag-sorters  in  ]^Hper-faet^^ries,  is,  in  a  part  of  the  eases,  ne- 
cording  to  lippiu^er  au4l  Palt«,iif„  iiotliiug  tnoi-e  than  an  anthrax  infe<-tioii. 
The  bacilli  are  very  probahiy  taken  inU»  the  lungs  in  the  form  of  sp(»res 
with  tht'  ins])ireii  air.  and  devehfp  iii  the  Immehi  and  alvt-oli.  in  the  sjaiees 
that  eontaiii  llie  tissne-juiees  of  tfie  lung  and  pleura,  and  in  the  bronchial 
glands,  and  they  also  penetrate  into  the  vessels.  Their  multijtlieatiou 
CHUses  inJlantnuitorv  pror^sses  in  tin*  lung,  as  well  as  the  jHmring  out 
of  a  bhwaiy  serous  exudate  in  the  pU'unil  spaee  and  in  the  nu'diastinal 
tissues,  and  swelling  itt  the  lynipli-glands.  It  may  also  lead  to  forma- 
tion of  neerotie  foei  in  the  lung  ami  in  the  bnjuehial  and  tnutheal  mueous 
juembrane. 

Mine,  rabbits,  sheep,  horses,  and  sparrows  are  very  snseeptible  to 
anthrax.  White  rats,  dogs,  and  Algerien  sheep  are  less  stiseeptible  or 
enjoy  eomph'te  imniTinity.  Cattle  iieeijuie  easily  infeeted  through  the  in- 
testines hy  taking  in  the  spores  into  tlip  ahuii'utar\'  eiinal.  but  are  less 
fiuseeptible  to  inoeuJatiou,  Formation  of  spoi-es  does  not  take  plm»e  in 
the  tissues  and  iu  the  bbntd 

Ky  eultivating  the  bacilli  at  42-43°  0.  (Toussaiut,  Pasteur.  Koeh)  it 
is  possible  to  weaken  their  activity,  so  that  flrst  sheep  are  not  killed,  then 
raitl>i(s  and  guinea-pigs,  and  ilimlly  evi-n  mire  are  no  longer  killed  by 
incteuhition.  If  the  teniperaturi-  is  near  4M^  C,  this  eundition  can  Ije 
reachiMl  ill  six  days ;  at  4l*^  C.  it  may  take  sixty  days  before  the  viruleneo 
beennn's  weakened  to  this  extent  (Koch).  Hy  first  iutM-idating  with  bacilli 
that  kill  niii'c,  but  are  hanidess  for  guinea-pigs,  ami  by  a  second  in<M*nla- 
tion  with  bacilli  thai  will  kill  guinea-ings.  Imt  not  strong  rabbits,  sheep 
and  i-altle  can  be  rendercil  iuiniuuc,  but  ntft  mice,  guinea-pig>i,  or  rabbits. 
PiiMrtiealJy,  however,  this  protective  iuocuhition  cannot  he  eniphiyed.  V»e- 
eaus«'  it  is  neeessaiy  to  iniMuilate  with  very  \irulent  material  in  order  to 
protect  from  mitiiral  iiifectiun  with  S]ion-s  inlr-odnceil  iiit*i  tlie  intestines ; 
and  eonscijiii'nlly  a  lai"ge  per  ecnt. — 1(>-I."i  per  een(. — die  from  the  pro- 
tective initcuhiti«»n  itself.  Moreover,  thr  ]irorci-tioti  is  otdy  of  short  dura- 
tion, aiui  the  inoculation  unist  be  rcjicatcj]  in  nb<tut  a  year. 

Acci>nling  to  obsenations  nf  Konx  and  OliamberJand,  the  ftu1hi*ax- 
Imeilli  can.  while  retainintf  their  fidl  virnlenr'i'.  be  i>emianent]y  deprived 
of  the  ]>ower  of  proihieing  spores  by  cultivation  in  bouillon  to  which  a 
snnill  aTMount  [1:1I(KK>)  ttf  pittassium  permaiigariHte  or  carbolic  acdd 
(1-2  :  lOiHb  has  been  added. 


The  bacilli  of  anthrax  only  develop  at  a  temperature  abnve  15°  C,  and  in 

the  presence  of  oxv;;cn.  In  the  ho«lv  or  an  animal  buried  nion^  than  ene  metre 
ilec]),  no  spores  rnn  form.  According  tn  Johne,*  they  da  not  develop  in  the 
auimfil  body  even  iir  liiirlier  tciniH'rnturus.  Tliis.  however,  can  take  piaffe  very 
rewlily.  acecmliatr  to  Kodt,  if,  in  burning'  nniamls  dead  of  aothnix,  the  blm»d 

•  Bericht  iiber  das  VeterinSrweaeti  im  K.  Sachnfn  pro  1886. 
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and  secretions  (urine)  set  on  Uie  surface  of  the  ground,  where  the  temperature 
in  summer  goes  above  15°  C. 

Pasteur's  assertion  *  that  earthworms  bring  the  spores  of  the  bacilli  in  their 
intestinal  canal  up  to  the  surface  from'  the  bodies  of  animals  that  have  been 
buried,  and  deposit  them  with  their  excreta,  is  declared  by  Koch  to  be  improb- 
able, and  unnecessary  for  the  explanation  of  the  spread  of  anthrax,  since  in 
burying  the  bodies  the  surface-layers  of  the  soil  become  contaminated.  Koch 
bases  ms  statement  up«n  experiments  made  to  test  this  point.  It  is  evident 
from  Koch's  investigations  that  the  transfer  by  earthworms  does  not  play  the 
role  attributed  to  it  by  Pasteur,  but  the  possibility  is  not  entirely  excluded. 
Bollinger  was  able  to  detect  the  presence  of  the  bacilli — by  means  of  inocula- 
tions—in only  one  specimen  among  seventy-two  earthworms  taken  from  pas- 
tures where  anthrax  prev2uled.f 

According  to  Koch,  anthrax-bacilli  can  be  cultivated  on  potatoes  and  alka- 
line or  neutral  infusions  of  hay,  on  cold  infusions  of  pea-straw,  on  mashed  bar- 
ley and  mashed  wheat,  in  the  juice  of  turnips,  wheat,  leguminous  seeds,  and 
numerous  dead  plants,  in  the  presence  of  a  sufiScient  quantity  of  water.  Con- 
sequently the  baiciUi  grow  and  develop  outside  the  body — e.g.,  in  marshes  and 
on  river-banks  (B.  Koch).  The  entrance  into  the  animal  body  is  to  be  regarded 
as  an  occasional  excursion  of  the  ectogenic  bacillus. 

According  to  Soyka,  the  development  of  spores  takes  i>lace  veiy  quickly 
in  a  moist  medium  coutainin|:  the  necessary  nutrient  mateiial.  Accoroing  to 
Kitt,  cattle-dung  forms  a  nutrient  substratum  for  the  bacilli. 

§  176.  The  Bacillus  typhi  abdominalls  (Fig.  342)  is  a  fission-fungus 
which  appears  mostiy  in  the  form  of  plump  staves  2  to  3  f*  long,  with 
rounded  ends  growing  out  into  long  pseudothreads  in  cultures.  It  is 
recognized  as  the  cause  of  typhoid  fever.  When  examined  alive  in  cul- 
tures it  shows  lively  independent  locomotion, caused 
by  from  eight  to  twelve  flagella  which  are  attached  ^ 

to  the  sides  of  the  staves  as  well  as  to  the  ends.  ^  **  <^  ^t^ 

The  flagella  can  be  made  visible  by  proper  staining  ^  ^  ^ 

methods.    The  bacillus  was  first  observed  and  de-  ^  *^   ^^ 

scribed  by  Eberth  and  Koch,  and  afterward  culti-  <p    c=»  '^  o 

vated  pure  by  (Jaflfky.     A.  Pfeiffer  showed  its  pres-  ff  oa     ^  «?  *^ 

en(.'e  in  the  dejecta  of  typhoid  patients,  and  his  '^ 

observations  have  been  corroborated  often  since         Fig.  342.— Bacillus 
(Fitinkel,  Simmonds,  Seitz,  Chantemesse,  Widal,     of     typhoid     fever, 
aiul  others).     According  to  Seitz,  Hueppe,  Neu-     (Magnified  about  800 
mnun,  and  others,  it  may  also  be  present  in  the     diameters.) 
ui'ine  of  typhoid  patients. 

It  may  be  well  stained  in  cover-glass  preparations  with  gentian  violet, 
alkaline  methylene  blue,  and  Bismarck  brown.  The  bacilli  stained  with 
gentian  violet  become  decolorized  by  treatment  with  iodine  according  to 
Gram's  method.  The  detection  of  the  bacilli  in  sections  of  hardened 
organs  is  somewhat  difficult,  because  the  cell-nuclei  also  become  stained, 
and  because  the  bacilli  are  not  uniformly  distributed,  but  usually  lie  in 
clumps  in  the  tissue. 

The  bacillus  may  be  cultivated  as  well  in  nutrient  gelatin,  agar-agar, 
and  blood-semm  as  in  milk  and  on  sUces  of  potato.  It  forms  a  coating 
on  the  latter  that  is  scarcely  recognizable  with  the  eye.  But  if  the  sur- 
face is  touched  with  a  platinum  wire  it  becomes  apparent  that  it  is  covered 
with  a  pellicle,  and  the  microscopic  examination  shows  that  this  consists 
of  bacilli. 

•  BuUetin  de  FAcad.  de  M^d.,  1880,  No.  28. 
f  Arb.  a.  d.  path.  Inst  zu  Munchetij  188U. 
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On  frclatin  and  a^r-a^^ar  the  bacilli  form  wliitish-^^ruy  dat  call 
of  irregriilar  shape.     Oeiatin  h  not  UfptrfietJ.     Milk  in  which  the 
are  growti  in  not  changt'd  extt-mally. 

Onltiires  Honrish  at  rmiiii-tvm|H-'rHtiire  as  well  as  at  iKHly-lempe; 
Ordinan.-  p«>tato-<'iUtun.*!*  kept  between  30°  and  42^  (.'.  produce  stAVftt 
which  have  glistening  granules  in  their  ]M>lfs.  (iaffky  interpreteil  these 
graoulett  ai*  spores,  and  formerly  most  authors  accepted  this  interpret&> 
tion.  According  to  Buchner  and  Pfuhl,  however,  these  granules  at  the 
polea  axv  not  »|)on*n»  but  are  degeneration  forms  <iccurring  e«|»ecially 
where  the  culture  contains  an  acid  (Buchner),  in  tiie  presence  of  whit-b 
the  staves  fieiMfnie  relali%'ely  long.  The  jM»lar  granules  represent  con- 
densed protojfliism,  and  couM'ttnently  .stain  in  fresh  preparations  more 
quickly  with  the  aniline  dyes  than  di»  the  other  parts.  The  clear,  color- 
less flakes  on  the  ends  of  the  staves  that  are  seen  on  dried  and  stain*^ 
bai-illi,  and  which  were  regarded  as  identical  with  tlie  polar  granules 
and  ileclared  to  Im?  8p4>res,  result,  WM-urrliiig  t*»  Bucliner,  fntm  the  for- 
mation of  holU»ws  in  the  ends  of  the  staves,  due  to  retraction  of  the 
tulw?  of  protoplasm  on  the  death  and  drv*ing  of  thi*  l»acilli.  The  ptdar 
granules  become  changed  in  f»osilion  to  the  middle  portions  by  this 
retnu'tion.     CN>nsetiu«*ntly  sjKin-'-formatii>n  has  not  l>een  proved  to  exist. 

In  moist  *'arth  ^Oraneher.  Desehanijfs),  in  pun?  and  impure  water, 
typhoid-ba<'il]i  niny  remain  alive  for  weeks.  They  do  not  die  out  for 
many  weeks  iu  artificial  Seltzer  water  (Htwhstetter).  In  privy-vaults  and 
ffeeal  masses,  or  iu  earth  satnrated  with  fiwal  matter,  thev  may  survive, 
under  certain  eir<*umHtances,  for  weeks  and  months  (Finkler,  Uffelmaun, 
Karlinr<ki). 

Inoi-ulatiou  of  the  bacilli  in  animals  used  ordinarily  for  experimental 
pnrTK^ses  iIoch  not  iiroiluee  a  fliHcase  corresjM^nding  to  typhoid  fever  in 
man.  StUl  exf>erinients  of  Sin^tiuin,  Beumer,  Pei[>er.  an*i  others  have 
shown  that  the  tvphoid-bacilli  produce  active  toxins  and  toxalbumins 
(Bricger)  whii'h  kill  aniniids  in  Inrgtrr  do.ses,  causing  hyj)erflpnuH  and 
swelling  (jf  the  intestinal  foIUeles,  of  Uie  mesenteric  glands,  and  of  the 
spleen.  C'ldtuivs  injected  into  the  tissues  pnMluee  hK-ally  more  or  less 
severe  inflammation. 

Outrtide  of  the  human  bttdy  the  bacilli  have  been  found,  as  already 
stated,  in  the  dejecta  of  t^-phoid  patients,  and  they  have  lieen  found,  fur- 
thermore, in  susTM^t^Ml  wat4'r  (Clianteincssc,  WidaL,  Beumer,  Thoinot-, 
Martinotti,  Barbacci)  and  Ln  the  soil  (Mace,  Uffelmann). 

The  biR'illi  or  their  spores  get  into  the  human  organism  prfibably  with 
the  drinking-water  and  fowl ;  still  an  infection  tlirough  the  lungs  is  not 
to  be  cxi;lnded.  According  to  the  results  of  U»e  nnatomical  examination, 
they  develop  in  the  wall  of  the  intestines,  iu  the  region  of  the  solitary 
and  of  the  agniiimte<l  follicles  of  the  sniall  and  large  intestines.  a&  wfdl 
as  in  the  mesenteric  lyniph-glands  and  in  the  spleen.  In  the  first  of 
these  localities  they  cause  an  inflaminutorv  infiltmtion  of  thu  muciisa 
and  submucosa.  that  is  extraordinarily  rif^li  in  eells  (Fig.  3413,  rti,  ^),  and 
appears  in  the  form  of  tlat  or  somewhnt  elevated  nnd  r<»nn<led  areas 
aWve  the  inner  surfaee  of  the  iutestiues.  Oecnsionalh*  cellular  iiiilam- 
matorj'  foci  limited  in  urea  ticcur  also  in  the  museularis  (ci)  and  in  the 
serosa  (*/,).  A  part  of  tin*  iiifllti'ated  ti.ssue  usually  sloughs  and  is  tlien 
oast  off,  so  that  ulcers  are  formed.  In  another  part  the  swelling  may 
subside  by  the  ahsftr^ttion  t)f  the  infiltration. 

Tlie  swelling  of  the  lymjtli-glnnils,  which  is  also  due  to  the  accumula- 
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tion  r)f  cells  and  rtuid,  eitlier  euds  in  recovery  by  the  a)>s<irptioii  of  the  in- 
Hltnttion,  or  ltm<ls  tx>  partial  necrosis  of  tissuf.  lu  the  spleen  the  pulp, 
ill  partieulflr,  swells,  while  its  vessels  aiv  greatly  dilat^^d  with  blood,  and 
hvter  its  pareiichyiiia  becomes  crowded  fnll  of  cells  and  fluid. 


/ 


■^ 


f^^ 
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FlO.  .^43. — Typhoid  fever.  Section  through  (he  tMlpe  of  a  HWoUeu  Peyer's 
plaque.  «,  Mueosa;  6,  Subnnicosa;  c.  Miisculans  interna;  rf,  Muwulari.-*  ex- 
terna; r,  SeroHft;  ai.  5i.  Ci,  rfj,  e,\  The  different  layers  of  the  inteBtine  infiUratwl; 
/, /,  Sections  of  a  Lieberkiihn^s  g-laud;  _</,  Folhi'le.  (Preparation  hardened  in 
alcohol,  stained  with  Bismarck  brown,  and  mountc'il  in  Canada  Iwilsam.  Ma^>i- 
fled  15  diamctft-s.) 


Aeeifrdiiijr  lo  creent  iiiveslipUioiiH.  the  bncilli  are  usually  distributed 
1o  other  parts  of  the  body,  and  it  is  probable  that  the  iiitiaiiiniat/iry  exn- 
dates  in  the  hnig  whitdt  occasionally  ai>pear  in  the  course  of  typhoid 
fever,  de]wnd  in  part  upon  the  frr'^wtb  of  the  bacilli  in  the  luufr.  Still  it 
must  be  borne  in  niiad  that  iuflaniniatious  due  to  iiihalalitju  of  imtating 
substances  wry  often  uc<*ur  in  the  lungs  of  typhoid  patients,  and  also 
that  seromhry  iuffHintis  with  cocci  start  from  the  nlcors  and  may  eanse 
metastatic  iuHanimations  in  the  diffei-ent  tissues.  The  swelling  of  the 
nmc'osa  and  submncosa  antl  of  the  ]>erichondrial  tissue  in  the  palate, 
throat,  and  laiynx  that  often  occur,  and  that  depend  upon  inflanimatoiy 
iniiltration,  tire  partly  the  consi'ipietn'cs  of  specific  infection  and  partly 
of  secondarv  tUsetisc.  The  bacilli  have  often  been  discovered  in  tlie  liver 
(Gttflfky,  E.  Prankcl,  (Vjmiius,  Sininionds),  also  in  the  p^nll-blailder  (Chinri). 
The  Ijacilli  do  not  nsually  circulate  in  the  blood ;  nevertheless,  Neuhauss 
and  Kiitimeyer  were  able  U)  cultivate  them  from  the  blood  of  roseola 
patches.  Acconlinp  to  Scitz,  Xeunmnn,  Faidhalk-r,  and  othei*s,  they  mny 
often  be  found  in  the  kidneys.  They  have  been  observed  V>y  others 
(Chanteraesse,  Widal,  Carschmann)  in  the  central  nervous  system,  by 
F'^bermaier  in  the  inflamed  periosteum,  by  Tavel  in  the  inflamed  testicle, 
by  Valentiui  in  purulent  plenntic  exudate,  by  A.  Friinkcl  in  the  exudate 
iu  peritonitis.    Accordiujjj  to  Quincke,  they  seem  to  be  almost  constantly 
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pivsent  in  the  marmw  of  boues.  Netihatiss  was  able  to  And  tbeiii  iu  the 
spleen  of  a  foetus  four  mouths  obi  whos*e  mother  was  sufferinfj^  from 
typhoid  fever  aud  bad  an  abortion.  Kelier,  Ebertb,  Cbaulemeese.  VVidal, 
tiud  Krust  moke  simibir  statements. 

Since  the  tj^'phoid-bo^nlli  produee  aetive  toxins  and  toxalbumiiiH,  the 
morbid  pheuomeua  are  to  be  refeiTed  Ifirfrely  to  poisoiiingr. 

The  cultures  of  tj-pboid- bacilli  show  few  characteristic  properties,  and  are 
consequently  difficult  to  distiiifrnish  from  other  widely  disttnbuted  bacteria. 
Thus  their  properties  are  verj*  similar  to  those  of  the  liacHius  coli  communui 
(cf.  ^  1771.  As  a  differential  mark,  it  is  asserted  that  tbe  typboid-bacilU 
produce  no  indol,  wliereas  other  mrailar  liacteria — for  instance,  tJie  lincillHft  coU 
— produce  indol,  sm>  that  the  cultures  nf  the  latter  turn  red  on  the  addition  of 
potasaium  nitrite  and  sulphmic  acid.  In  two  per  cent,  jrrape-siipar  IjouUlon 
the  typhoid -bacillus  produces  uo  gas,  whei*eas  the  Bacillus  coii  develops  gaa. 
FiiuUly,  the  typhuid-bneillus  produces  faint  acidity  in  milk,  but  no  coagulation : 
whereas  the  Bacillna  coli  causes  strong  acidity  and  curdUug  of  the  milk  in 
from  twenty-four  to  forty-eight  hours  at  37*  C 

§  177.  The  Bacillus  coli  communis,  or  tiie  Bacterium  coU  commune 

(Ksi'berieh).  isafission-t'imirus  eonstaiUly  prownt  in  the  abdominal  eanal 
of  nmn  a;*  well  n.s  nuiriininiiHii  aninmls,  The  b^ieilli  ai*e  staves  2  to  3  /*  long 
and  .3  to  .4  }i  thick.  Tlioy  aiv  eapiible  of  locomotion  T)y  means  of  flagella, 
whieh  may  number  as  \\\\r\\  as  twenty  on  4»ne  staff  (Bnnge,  Lnkseh,  (tiux- 
ther).  The  bacilli  gi'ow  at  room-triinn."mture  as  well  aa  at  the  temi>eratMi*e 
of  the  incubator.  In  I  he  depth  td'  tlie  jyelatin  they  form  small,  round  white 
irolonies,  on  the  siii-fnee  pellicle-like  colonies.  On  potatoes  a  yellow  jtiiey 
coating  is  formed,  the  Hhade  tif  nmiKe  or  peai*e  (OUnther).  Hiwiv-fonna- 
tiou  does  not  occur.     Tbe  bax-illi  cannot  be  stained  by  Gram's  method. 

The  litfrithfs  coli  is  vciy  similar  to  the  typhoid-bacillus;  still  it  may 
be  distinjLTuiwhed  from  this  by  proper  methods  of  cultivation  and  by  tbe 
employment  of  suitable  reactions  (ef.  §  17G).  Formerly  it  was  regarded 
as  a  Immiless  saiiro^diyte  of  tbe  larp.'  intestines,  but  it  can  no  h»nger  be 
ilonbt^d,  aceonling  to  recent  investig^itious,  that  pathogenic  [jn^perties 
are  ulso  attributable  t  a  it.  Thus,  under  suitable  conditions,  such  as  perfo- 
rati4»n  or  incarceration  of  the  intestines,  or  impacted  faeces,  it  may  get  into 
the  ]>eritoneal  cavity  and  caxis*?  puruleut  infianinuition,  or  at  least  take 
part  with  other  bacteria  in  the  ])n*ductiou  of  inflammation.  It  gets,  more- 
over, not  infriMpienlly.  into  tbe  gnlldncts  and  gall-bladder,  and  seeuis 
capable  of  enusing  intlarTnTiations  of  vai-^nug  intensity.  Moreover,  the 
bacillus  has  nls(v  beeti  found,  in  S4ime  cases  of  septic  disease,  in  the  exu- 
date of  the  membranes  of  the  brain  \  furtliennore,  in  pericarditis,  pyelitis, 
cystitis,  bronehopnenmonia.  strumitis,  and  scarlatinal  angina. 

The  .siiiiilurity  between  the  lianliun  coli  ami  the  typhoid-ttacUlus  ba^  caused 
various  autliors  to  asHunie  timt  the  two  baeilli  represent  only  varieties  of  one 
kind,  and  tliatconsefpiently  the  two  forms  may  paf«  over  into  each  other.  Still, 
at  present  the  opinion  pre^-ails  that  the  two  bacilli  are  to  be  entirely  separatetl 
from  each  other  (cf.  ^  176).  As  there  are  other  baeilli  that  much  resem- 
ble the  Bacilius  coli,  and  ofleu  are  not  to  be  (hstinguished  with  certainty  troxa 
it,  it  »imv  well  be  assumed  timt  the  puhlicationa  on  the  Bacillus  eoli  have  not 
always  dealt  with  the  same  bacterium. 


§  178.  The  Bacillus  pneumonise  is  a  bacillus  difit^oven>d  by  Pried- 
lauder  and  Kmbonins  ;  it  is  capable  of  producing  cronjutns  pneumonia,  but 
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is  preseut  only  in  a  limit*'*!  mnnberof  pasf  s  of  this  diseHse{cf.  §  171 ).  More- 
over, it  has  also  been  fouud  iu  the  uasol  seeretion  and  in  inflammations 
of  the  inirldle  ear. 

The  bat'iUi  lie  in  the  alveolar  exudate?,  as  well  as  iu  the  pleuritic  exu- 
dates that  fonn  at  the  same  time  as  tlio  inflamniatiou  of  the  lungs. 
They  a^jx-ar  sometimes  'u\  the  fonn  of  staves  (Fig.  344,  0),  sOTnetinies 
ilk  tlie  form  of  oval  cells  (a),  and  u(»t  infrequently  they  are  joined 
together  sti  as  to  form  short  chains.  Sini-e  the 
oval  cells  are  more  nnnu'nms  than  the  staff 
forms,  the  bmnllus  was  origiually  reckone<l  with 
the  cocci. 


.V 


Flo.  344.— jBrtCT7/»,t  pnfumonitF  of  FHedlander,  a.  Oval 
oellB  and  rows  of  cells  with  Kelalinoiis capsule;  h,  ytaves 
with  gelatiuous  capsule.    (Magnitied  500  diametera.) 


The  baciUi  possess  a  hyaline,  muein-like  capsule,  soluble  in  alkalis,  in- 
soluble in  acetic  acid,  which  forms  a  common  sheath  around  the  chaiua 
of  the  bm-illi  (Fig.  344).     Independent  motion  has  not  been  observed. 

The  bacillus  loses  its  coKjr  when  stained  with  gen- 
_  .,.^  tiaii  \4olet  and  treated  with  iotlit:-^  itid  alcoliol,  aud 

may  be  easily  distinguished  iu  this  way  fixmi  the  dip 
lix^ocf'iis.  Ill  orth-r  to  staiti  it  along  with  the  cjipsule 
in  sections,  Friedliinder  recommends  the  employment 
,  of  an  acid  solution  of  gentian  violet.  consiAtrng  of  50 
parts  of  couceut!*ated  alcoholic  solution  of  gentian 
violet,  100  parts  of  distilled  water,  and  10  parti*  of 
acetic  acid.  After  staining  for  twenty-four  hours  the 
sections  arc  wuKhcd  out  in  a  0.1  per  cent,  solution  of 
acetic  acid  for  a  short  time. 

The  bwilli  gi'ow  in  iiutncnt  gelatin  at  room-tem- 
perature, and  form  ]H»ruclaiu-whitc  knob-shaped  cul- 
tures on  the  surfa<'e  of  the  gelatin.  The  oval  aud 
staff-shaped  cells  possess  no  capsule.  Stab-cultures 
in  gelatin  are  iiail-simped  (Fig,  345).  this  apj>earanco 
being  due  to  the  fact  that  the  bacilli  form  a  knob- 
shaped  piMininence  atthcentranceof  the  canal  of  inoc- 
ulaf  iou.  This  is  a  i>eculiarity  that  tJie  pueumonia-ba- 
I'llli  share  witli  many  other  bacteria.  On  blootl-sernm 
they  form  gray  transparent  colonies,  on  agar-agar 
graWsh-wliite,  on  i>otatiK's  gi-ayish-white  or  yellowish- 
whit^,  creamy  colonies,  Spore-formation  i&  not  ob- 
served. 

Kabbits  arc  almost  entirely  rcfi-actory  to  inocula- 
tion of  the  lung;  mice,  on  the  contrary,  die  with  pleu- 
risy an*l  dis.'icniiuated  pneumonia  in  from  eighteen  to 
twenty  hours  nftcr  injection  of  the  bacilli  into  the  lung, 
and  the  exudat^^  a,s  well  as  the  I>Kkh1  are  found  to  con- 
tain  bacilli  with  gelatinous  capsule,  some  lying  free, 
some  iiiclos4Yl  in  cells.  A  tyi)ii'Jil  lobar  pueunuiuia can- 
not be  produced  in  the  ordinary  experimental  animals. 

Fio.  345.— Nail -shaped  stab-culture  of  Friedlander'a 
pncnmococcus  in  gelatin. 
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Neuznann  *  found,  in  a  case  of  pneumonia  that  occurred  in  the  course  of  an 
attack  of  variola,  a  bacillus  which  he  regai*ds  as  identical  with  that  which  has 
been  described  by  Schon  as  occurrinf?  in  vagus*pneumonia  of  rabbits,  and  which 
is  called  by  Flii^g-e  BcuiUus  pneumonicus  agilis, 

Affanasiew  f  found,  in  ten  cases  of  whooping-cough,  in  the  mucus  that  was 
coughed  up,  a  small  bacillus  which  he  regard  as  the  cause  of  wfaooping-coo^. 
Ssemetschenko  t  published  a  similar  discovery. 

§  179.  A  bacillus  was  described  iu  1892  by  R.  Pfeiffer  as  the  Influenza- 
bacillus,  aud  the  discovery  has  been  frequently  corroborated  since  (Weich- 
selbaum,  Kruse,  Baumler,  and  others) ;  it  is  regarded  as  the  cause  of  the 
influenza.  In  individuals  who  are  sick  of  influenza  it  is  found  in  the 
cataiThally  affected  air-passages,  occasionally  also  in  the  lungs.  The  small 
bronchi  may  contain  enormous  numbers  of  the  bacilli  in  pure  culture.  It 
is  assumed  that  the  multiplication  of  these  organisms  in  the  respiraton* 
tracts  causes  inflammation,  and  that  at  the  same  time  they  produce  poi- 
sons which  on  being  absorbed  cause  the  morbid  phenomena  peculiar  to 
influenza.     Canon  states  that  the  bacilli  go  over  into  the  blood. 

The  influenza-bacilli  are  very  small,  thin  staves  with  rounded  ends, 
which  lie  separate  or  joined  in  twos,  and  may  be  stained  with  the  usual 
aniline  dyes,  but  not  by  Gram's  method.  They  may  be  cultivated  at 
body-temperature  upon  blood-agar  or  on  agar  that  is  smeared  with 
human  or  pigeon's  blood,  and  they  form  small,  drop-like  colonies  as  clear 
as  water.  They  do  not  grow,  on  the  contrary,  upon  the  otiier  usual  media. 
Spore-formation  is  not  observed.  In  apes  a  catarrhal  in^ammation  of  the 
i-espiratorj'-  passages  can  be  produced  by  intratracheal  injection  of  pure 
cultures.  Rabbits  may  be  poisoned  by  inoculation  of  cultures,  and  they 
acquire,  in  consequence  of  the  poisoning,  a  paralytic  weakness  of  the 
muscles  and  dyspnoea. 

§  180.  The  Bacillus  diphtherise  is  a  bacillus,  first  accurately  studied 
by  Loffler,  which  is  found  in  the  croupous  membrane  that  occurs  in  diph- 
theria, and  is  veiy  probably  the  cause  of  diphtheria.  Iu  the  internal 
organs,  such  as  the  spleen  and  lymph-glands,  the  bacilli  are  either  entirely 
absent  or  they  are  present  in  such  small  numbers  that  they  can  only  l>e 
detected  by  methods  of  cultivation  (Frosch). 

They  have  the  same  length  as  the  tubercle-bacilli,  but  are  about  twice 
as  thick  and  are  often  swollen  at  the  ends.  Their  substance  has  a  granular 
appearance.  For  staining  it  is  best  to  use  a  staining  solution  of  30  cem. 
of  a  concentrated  alcoholic  solution  of  methylene  blue  in  100  cem.  of  potas- 
sium-hydrate solution  of  .0001  per  cent,  strength.  After  staining,  the 
sections  are  put  into  .5  per  cent,  acetic  acid  for  a  few  seconds  and  after- 
ward treated  with  alcohol.  The  bacilli  are  often  segmented  in  stained 
preparations. 

The  diphtheria-bacilli  grow  best,  according  to  Loffler,  on  a  mixtun* 
of  3  parts  calfs  or  sheep's  blood-serum  and  1  part  neutralized  calf- 
bouillon  to  which  1  per  cent,  pept^ine,  1  per  cent,  grape-sugar,  and  .5  per 
cent,  salt  have  been  added ;  or  n\H)n  l>lo(Kl-sernm  or  agar-agar  with  10  per 

•  "  Zur  Kenntniss  des  Bacillus  pneumonicus  affilis,'"  Zettsch.  f.  klin.  Med., 
xiii.,  1887. 

t  "  Aetiolog.  u.  klin.  Bakteriologie  des  Keuch hastens,"  St.  Petersb.  med. 
Wochensch.,  1887. 

X  "  Zur  Frage  der  Keuchhusteiibakterie."  St  Petersb.  med.  Wochensch.,  1888. 
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ceut.  glycerin  or  nutrient  bouillon  containing  sugar  (Kolisko,  Paltauf, 
Kitasato).  They  form  grayish-white  colonies.  They  require  a  tempera- 
ture above  20°  C.  for  their  development.  Loffler  found  the  dried  bacilli 
still  capable  of  living  after  one  himdred  and  one  days.  Roux  and  Yersin 
succeeded  in  obtaining  cultures  of  the  bacilli,  that  were  still  virulent,  from 
a  three  months'  old  diphtheritic  membrane  that  was  dr)'  and  had  been 
protected  from  the  light.     Spore-formation  has  not  been  observed. 

Guiuea-pigs  inoculated  subcutaneously  with  cultures  of  the  bacilli 
(Loffler,  Roux,  Yersin)  die  in  two  or  three  days.  At  the  point  of  inocu- 
lation there  is  found  a  whitish  deposit  and  htemorrhagic  oedema.  The 
point  of  inoculation  contains  bacilli ;  the  internal  organs,  on  the  contrary, 
are  free. 

In  i-abbits,  chickens,  and  pigeons,  the  introduction  of  cultures  into  the 
trachea  through  a  wound  is  followed  by  the  formation  of  a  pseudomem- 
brane.  Inoculations  of  the  conjunctiva  in  rabbits  and  of  the  vagina  in 
guinea-pigs,  is  also  followed  by  the  formation  of  a  false  membrane.  In 
young  rabbits  a  simple  smear  upon  the  conjunctiva,  which  need  hardly 
be  injured,  suffices  to  produce  death  with  high  fever  and  nervous  phe- 
nomeua  (Babes). 

Roux,  Yersin,  Loffler,  Sprouck,  and  others  observed  subsequent  paraly- 
sis in  pigeons  and  guinea-pigs  that  had  survived  inoculation.  Roux  and 
Yersin  assert  that  intravenous  injection  of  filtered  cultures — i.e.,  bouil- 
lon-cultures containing  no  bacilli — causes,  in  guinea-pigs  and  rabbits,  a 
severe  illness  characterized  by  paralysis,  and  fatal  consequences  in  two 
or  three  days.  Loffler  obtained  a  substance  precipitable  with  alcohol  from 
cultures  of  the  diphtheria-bacilli  which  he  had  treated  with  glycerin.  When 
it  is  repeatedly  tnrown  down  and  purified  with  alcohol  from  solution  it 
forms  a  whitish  precipitate,  that  causes  an  inflammatory-  hcemorrhagic 
oedema  and  necrosis  of  the  skin  when  injected  in  aqueous  solution  under 
the  skin  of  rabbits  in  small  doses  (.1  to  .2  gramme.).  According  to  the 
investigations  of  Brieger  and  C.  Frankel,  the  substance  which  the  bacilli 
produce  is  a  poison  that  closely  resembles  the  (oxalbumins  in  its  chemical 
relations,  and  in  the  pure  state  is  fatal  to  experimental  animals,  in  a  dose 
of  2.5  mg.  to  1  kg.  of  the  weight  of  the  animal,  often  taking  effect  only 
after  weeks  or  months.  The  circumstance  must  also  be  mentioned  that 
Guinochet  obtained  a  poison  from  cultures  of  the  bacilli  in  urine.  Locally 
the  poison  produces  iufiammation ;  when  taken  up  into  the  juices  of  the 
body,  it  produces  an  exudate  in  the  pleune,  nephritis,  fatty  degeneration 
of  the  liver,  and  paralysis.  According  to  Proskauer  and  Wassermann,  the 
organs  and  blood  of  animals  dead  of  diphtheria  from  inoculation  contain 
a  very  poisonous  toxalbumin  that  kills  animals  on  inoculation  in  f  i*om  six 
to  twenty-one  days.   Sheep  are  very  susceptible  to  diphtheria  intoxication. 

Diphtheria  in  man  is  characterized  by  an  inflammation  extending 
mostly  over  the  mucous  membrane  of  the  throat,  palate,  palatal  arches, 
and  the  upper  respirator^'  passages.  It  appears  as  a  febrile  infectious 
disease  combined  with  symptoms  of  intoxication,  and  gives  rise  locally 
to  croupous  exudates,  partly  also  to  diphtheritic  desquamation  (cf.  §  98, 
Figs.  155  and  156).  The  croupous  membranes  constitute  the  most  strik- 
ing feature.  They  are  spread  over  the  throat  usually  in  limited  flal 
patches,  more  rarely  uniformly  over  larger  areas,  or  they  may  form  a 
continuous  lining  upon  the  larj'ux  and  air-passages.  Underneath  the 
croupous  membrane  the  epithelium  is  mostly  lost,  the  connective  tissue 
of  the  mucous  membrane  h\'peneniic,  infiltrated,  and  swollen.    In  severe 
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cases  the  superficial  layer  of  connective  tissue  is  necrotic  iu  places,  most 
frequently  on  the  tonals»  which  are  more  or  less  swollen,  often  to  a  very 
marked  degree.  Deeper  down  in  the  tissues,  the  lymph-glands,  especially 
those  in  the  neck  in  near  proximity,  are  swollen,  and  often  show,  on 
microscopic  examination,  small  foci  in  which  the  cells  are  necrotic  and 
disintegrated.  Of  the  internal  organs  the  kidneys  especially  are  usually 
changed,  in  that  there  is  a  more  or  less  high  degree  of  fatty  degeneration 
in  the  epithelium  and  capillary  walls,  not  infrequently,  also,  an  oedeina- 
tous  swelling  and  foci  of  small-cell  infiltration — conditions  which  are  to 
be  regarded  as  consequences  of  the  intoxicatiofu 

The  lungs  are  not  notably  changed  by  the  diphtheria  poison ;  still 
bronchopneumonias  often  occur  which  are  due  to  inhalation  of  the  irri- 
tating contents  of  the  bronchi,  or  to  an  extension  of  the  bronchial  inflam- 
mation upon  the  respiratory  parenchyma.  The  inflammatory  irritants 
that  get  into  the  lungs  in  tms  way  are  usually  not  the  diphtheria-bacilli, 
but  products  of  the  specific  exudate  which  often  inclose  bacteria,  espe- 
cially cocci,  that  have  become  lodged  secondarily, 

Recently  attempts  have  been  made  by  different  experimenters  to  core  diph- 
theria after  it  has  broken  out,  and  to  make  children  poison-proof  against  diph- 
theria poison,  by  the  injection  of  an  antitoxin.  The  investigations  made  hv 
Behring  and  Ehrhch  in  this  direction  have  been  to  a  certain  extent  succeBsful. 
Sheep,  ^[oats,  and  horses  susceptible  to  diphtheria  may  be  rendered  immime  by 
inoculation  with  cultures  in  which  the  bacilli  have  been  attenuated  or  killed ; 
and  the  blood,  also  the  milk,  of  the  animals  that  have  been  made  immune  con- 
tain an  antitoxin  which  neutralizes  the  effect  ol  the  toxins  when  injected  into 
the  body  of  an  infected  animal  in  certain  amoimts,  and  which  is  able,  as  they 
beUeve,  to  make  human  beinG:8  and  animals  poison-proof.  Jud^n?  crom  the 
most  recent  experiments  in  this  direction,  favorable  results  may  indeed  be  ob- 
tained in  human  beings  suffering  from  diphtheria,  but  it  is  impo^ble  as  yet  to 
forecast  the  proportions  that  these  favorable  results  may  a^ume. 

According  to  Loffler,  von  Hoffmann,  Koux,  Yersin,  Babes,  and  others, 
bacilli  designated  as  pseudodiphtheria-bacilli  occur  very  often  in  the  mouth  ana 
Ihroat,  which  look  like  the  diphtheria-bacilU  and  even  in  cultures  can  only  with 
difficulty  be  distin^ished  from  these.  Since  the  diphtheria-bacilli  may  lose 
their  virulence,  it  is  not  improbable  that  the  two  bacilli  are  varieties  of  one 
kind. 

§  181.  The  Bacillus  tetani  (Kitasato)  is  a  fine,  slender  bacillus  which 
is  widely  disti-ibuted  throughout  the  superficial  layers  of  the  earth,  and 
is  to  be  regarded  as  the  cause  of  tetanus.  According  to  observations  of 
Nicolaier  made  in  1885,  it  is  often  possible,  in  mice,  guinea-pigs,  and 
rabbits,  by  a  subcutaneous  inoculation  of  earth  taken  from  the  super- 
ficial layers,  to  obtain  typical  tetanus  with  fatal  termination. 

The  demonstration  was  first  made  by  Rosenbaeh  in  the  year  1886 
that  the  bacilli  found  in  tramnatic  tetanus  and  those  found  iu  tetanus 
due  to  frost-bite  in  human  beings,  in  the  region  of  the  seat  of  injury, 
were  one  and  the  same,  and  that  when  inoculated  into  guinea-pigs  and 
mice  they  cause  genuine  tetanus.  8ince  then  this  discovery  has  been 
often  corroborated.  The  baciillus  is  present  neither  in  the  soil  nor  iu 
the  infected  wound  in  an  isolated  condition,  and  consequently  inocula- 
tions have  been  made  with  mixtures  of  bacteria.  The  effort  to  isolate 
in  cultures  the  bacillus  that  was  regartled  as  the  cause  of  tetanus  was 
unsuccessfully  made  by  most  investigators.  Kitasato  in  1889,  in  Koeh's 
laboratory,  succeeded  in  isolating  the  tetanns-baeiUus  by  allowing  the 
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mixed  cnltiires  to  remain  in  thf  incnbator  a  few  days  nnd  heating:  for 
u  hiiU'-honr  or  au  huar  at  tiUo  (,'.,  and  then  sub.siMiuent-ly  inakiug  plati^- 
ciiltures  in  an  atiiiosplieri*  of  hydrogen.  The  bacteria  jfi'owing  aloii)^ 
with  tln!  ti^taiius-lnxeillnfi  ant  kiiled  by  tJio  hifatiug,  while  the  tetauus- 
haciiSiiK  is  preserved. 

The  retamis-liacilhis  (Kitasato)  is  unaerobio  and  fi^'ows  very  well  in 
au  atiiiosphcii;  of  hydroffeii,  but  not  in  carlMtnir-acid  pas.  It  fjrows  in 
ordinary  slightly  nlkiiUne  agar  a^ar  otuitaiiiinjr  pept^nie,  aud  in  blood- 
sermn  and  niitiieiit  gelatin.  It  li<iaefies  the  hitter  witli  the  production 
of  gas.  Addition  of  l.ri-2  per  (lent.  j.'i*iip*'-snpir  art^elemt^is  the  g^i-owth. 
The  most  favoraiih-  temperature  is  butwi'tm  30^ and  38°  C  Itfornislong, 
thin,  bristledike  staves  that  pri>di]r'e  spores  on  oiu'  end  whiicli  <^ause  a 
swellinj^^  of  the  end  of  the  staff,  g-iving  nsf  U*  the  iimtie  knoblnnl  Imeilli. 
It  may  grow  out  in  eultures  into  long  psi'udo threads.  Tlir  cultures  give 
*iut  an  offensive  odor:  gelatin  is  slowly  liiiuetied.  The  baeilh  stain  by 
(rrani's  nifthod.  They  uw  nn^tilc  exeept  at  the  period  of  sporft-fomia- 
tiou.  Piu*e  eidtures  inoculated  into  lun*ses,  asses,  guinea-pigs,  mice,  i-ats, 
ttud  rabbits  eause  tetauu.s ;  but  i-abbits  Jiiust  be  inoculated  with  somewhat 
larger  amounts.  The  tetanic  eontiwtures  start  first  in  the  neighborhood 
of  the  p<nut  of  ino(ndation.  Suppuration  does  not  oecur  at  tlin  |Ktint  of 
iuoenlation.  The  baeilli  are  not  to  be  foimd  after  the  animal  is  dead, 
and  are  never  found  except  at  the  seat  of  inoi-ulation. 

Aect»rdiug  to  tin*  i*xj.H*rimeut!il  investigations  of  Kitasato,  tbe  tlltrate 
which  is  obtained  from  biiuillon-<*ultures  of  the  baeilii,  but  which  e<iu- 
taius  no  barilli,  aets  in  the  same  way  as  the  cultures  etmtaining  the  bii- 
eilli,  and  gtiineii-pigs  espt^eially  are  very  sensitive  t^)  it.  The  blood  or 
transudate  from  the  thoracic  ea%ity  of  au  animal  infected  with  tetanus, 
although  free  fmni  luu'ilii,  causes  t^t^iinis  when  inoculat>ed  into  nnw.  It 
is  eousemtently  to  be  lussumed  that  in  teLauiui  it  is  a  nuitter  of  inUtxirtv- 
tioH  with  a  poison  (tetan<»toxin)  tliat  is  distributed  thmughont  the  blood. 
The  i>oison  is  destiiiyed  by  heat  (Kitasato) — a  t-puijieraturc  of  (!5"  T. 
and  over — in  a  few  minutes,  and  by  direct  sunlight  in  fnmi  fifteen  to 
eight4*en  hours,  and  loses  its  effects  ia  diffuse  daylight  in  a  few  weeks. 
According  to  investigations  of  Hviegor  and  t?ohn,  the  pm-illed  i>oisou 
gives  no  ivactiou  for  idbuniin,  tmd  ertuseipicntly  does  not  belong  to  the 
toxalbuniins,  as  was  t'oi-nicrly  assumed  by  Briegcr  and  Pmukel. 

The  Bacillus  oedemalis  maliK'ni  {ylhrum  acptique  of  Pasteur)  is  an 
amuTobir  bacilhi.H  which  mils  first  thmnughh'  investigated  by  \i,  Koch. 
It  is  found  iu  various  ]>utrefying  sniistjinees.  and  the  sjtoivs  almost  never 
fail  to  be  present  in  earth  that  is  manrnt-d  with  fnul  H(]nids  or  liquid 
manure.  The  bacilli  are  3  to  3.5/*  h»ng  and  1  to  1.1  ji  brouil.  and  ofti-n 
form  long  pseudothreads.  They  aiv  similtir  to  the  arithrax-baeilli,  but 
are  somewliat  more  slender  and  ronnde<l  on  the  ends,  not  sharply  cut 
across,  and  are  occasionally  motile.  In  8|>oit»-formatiou  a  swelling  de- 
velops from  one  part  of  the  i-od.  xxa  in  Ducilhtu  buhfn'cus,  so  that  spindle- 
shaped  aud  tadpole-shnped  forms  i^esidt. 

Tlie  bacillus  is  mirtile  ami  possesses  flagella  on  the  ends  an  well  as  on 
the  sides.     It  is  not  stained  by  Oram's  method. 

It  grows  in  nutrient  gelatin  as  well  as  in  agar-agar  and  coagulated 
blood-scnim,  but  it  must  be  intro<luced  deep  down  and  cut  off  from  the 
air.  Nutrient  gelatin  with  the  addit  iou  of  1  or  2  per  cent,  of  gi-aiw-sugar 
is  a  specially  favorable  medimn  (Fliigge).  Nutrient  gelatin  and  blood- 
sermn  ai-e  liquefied,  the  latter  with  the  production  of  gas. 
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The  hiw!llu8<?aii  biM'i^adilj' olitniiied  by  sewing  up  prar<len-oartli  uuder 
Uie  skill  of  a  ^uiiicu-pif;  uiiU  by  t-akiiig  c^are  tlial  thr  air  41<m's  not  And  m:- 
<H^ss  to  tlit*  point  of  iiiocuUition.  The  subsrqiieut  nuiUipli(;»tioii  of  the 
bat^illi  raiiM's  a  pro^t'Hsivi'  ocilt-niatoDs  kwi^Hii^  of  rlir  siihcutaiit'ouH  ttH- 
sue.  At  a  luofe  advaiict'd  stn^f*  tli<^  liucilli  spi*eHil  upciu  the  8eroUK  niem- 
braiioa,  in  the  si)l(vn,  aiul  in  otliei*  organs. 

Mico,  jfuiiiea-pigs,  horwf.s,  ghi'eji,  and  swiiie  are  susceptible  to  tlie 
bat'illi:  rattle  are  not  (Arloiufj,  Chauveau). 

Arcordiufr  to  thft  til>sm'ationfi  <»f  Briefer,  Ehrlirh,  Chauvoiiu,  Arloinp, 
and  othffs,  the  aHlenm-biU'illi  also  oceasiotiwlly  dt-vtlop  Iti  iIm-  tissm-H  of 
butnan  Immtij^s,  I'spt'rijdly  when  tlie  tissues  rirr  [((mi'ly  iiourisbfd  uud  the 
iMU'illi  }>y  Hiiy  m'l'idrnt — e.pr.,  by  imiu-^tiirp  of  a  liyjxnb'niiatir  syrnijfc — jj^'t 
intti  tJu*  drptb  nf  t\w  tissm-s.  TIk'v  Icjk]  to  a  {jJiii^riTnius  prows*  which 
is  conibintil  witli  bloody  a^deina  and  the  development  of  gas. 

At'<'(inlinj^  to  Vnillunl  and  Vinooiit.  ti'taims  docH  not  follow  iiMK-ulation  of 
tetiimis-liac'illi  deprived  of  poison.  Coii&p<t"*^'i''y  it  nnxst  hv  assuiued  thjit  llie 
liaeiUi  ciin  uuly  uiu]ti|il\  in  tlx^  liasiies  of  inan  and  llIIi1n^ds  and  k'&d  to  poison- 
lu^  wIhmi  spccud  uonditiotm  aro  prt<8i>nu  wUi.'U  tlic  tetanus  poison  itself  is  also 
jirtwrit  at  iIih  Haiiie  time,  or  when  other  baoleria,  such  as  ItacilluH pradiffiosuSj  gel 
mil)  the  tis.**ue3. 

Ai'Miilijij;  to  investigations  of  Kitaiiato,  Tlzzoui,  Cattani,  Baquis,  Behriug, 
and  '.>rh«is.  >ns(*eplihle  nnimids  mtiy  be  niiide  immune  from  tetanus,  or,  more 
pruperly  >ip('akiu^,  poisuii-proof  against  the  poison  of  tetanus.  The  Mood  of 
ninniaLs  that  hji\e  bci-ii  rLniden-d  poisori-jirtMjf  posse»s*-M  the  priifn-rty  of  de- 
«ti'oyiu>r  tlu'  poiwui  fit'  letaniis,  and  eoiiBeiiuentlv  it  is  jHHiwible  to  iirnuunii/.e  sus- 
eeptihle  animals  witli  thf  curative  Kerum  obtained  from  this  bUKnl,  or  to  eure 
tetanus  that  has  abiNtdy  broken  out  in  man  or  ftrdniaU  (cf.  ^2()). 

Aeeinding:  to  Kolb,  Habcs,  Tizzoni,  Biid  Oiovannini,  the  diseases  desiiTnated 
a«  purpura  htT-marrluuficn  and  as  htemuphili/i  neonatorum  are  to  a  certain  extent 
raused  ))V  a  sjH'eial  kind  of  bacillus  tliat  is  also  patbofrenif  for  auiuials  (cf .  J  4(>). 
Piuneso  is  of  the  opinion  that  cfuirea  is  eaused  by  a  bauUUis. 

§  \X'2.  Tlie  Bacillus  tuberculosis  is  the  cause  of  the  infer-tiotiH  disease 
whii'h  is  very  fit'ijnejit  as  well  in  man  a.s  iu  the  domestie  nmiiiniaJia,  and 
whirh  is  usually  rjilled  tuberculosis,  but  is  also  sometimes  uuUed  I'earf 
liisftiKf  (/VW,s-Mr/f/)  in  iininials. 

The  tnl»ereh*-hneil[i,  discovered  and  thorou^ddy  investigated  by  K(H'h 
in  the  year  I88'2,  ff>rin  ijarr4>\v  staves  (Kig.  :!4i»j,  !.'>  t<»  '.]Sit>  in  h^ngth,  that 
are  oft.en  KtigbMy  eiirved.  Aniline  dyes  (fuehsiii  or  gentian  Wolet),  in 
ai|i]ei)ns  sithitioii  with  the  addition  of  an  alkiUi  or  earbitlie  acid  or  aniline, 

aiv  suitable  for  staining  them.     The 
%  ^-      wj(9-  bacilli   once   stained    n-tain    the   dye 

>  ^w  i-    ^  iV' '       even  when  the  preparation  is  deeolor- 

\       ^       ^  A       V*  Ik^'       ^^***^   With  dilute  sulpliurie  or  nitric 

^   %\  ^'^       wW       aeid,  (»'  with  hydroehloric  aeid  and 

.    %,^  ^  -       V     "  aleohol. 


I 


Fig.  .^U6.— TuHen-h-baiilli.  Sputum 
of  a  man  suflfrring  fnmi  tid>er<'ulosiH  of 
the  lunp,  spread  in  a  thin  layer  on  a  cover- 
glass  and  stained  with  fuchsia  and  methy- 
leuti  bluu.    (MagniSed  400  liiametera.) 


The  dettoloriziMl  piv^MiratioiL  i-un  rlieu  ha  stained  with  another  enlor 
(Fig.  3461. 
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The  stained  batnlli  show  not  iiifre(|uently  in  iheir  int<*rior  olear, 
^li^teuing,  iinistaiued  pla*'es,  i^i*  are  comjiosocl  of  little  stained  glohtdes, 
Koc'h  iiit^^rjireted  thesti  «lem'  ijorlicms  fonntrly  as  sporvw.  and  this  \iew 
waii  geiif  nuly  iweepted  for  u  long  time.  But,  uevtrtheless,  a  gerniiua- 
rion  of  these  struotuiVK  caiiiKit  f»e  pn)vo«l,  and  at  im'seiit  the  objects 
ill  (piestioii  are  no  louger  reL^ju-ded  as  spores.  Consequeiilly  the  tuberele- 
haeilli  produce  no  spe<^inl  resistant  t'orm;;,  )nit  still  tlu*  l)a<*illi  are  more 
i-esistant  ag^aiust  external  iiitluenees — e.g.,  a^iiiist  drying — than  are  many 
other  baet^^ria. 

The  tuberele-bneilli  may  he  cultivated  at  the  body-teiuperatuiv  and 
ill  the  preseiiee  of  oxygen  upon  sohdifled  hltHul-sennn,  ujion  blood-serum 
fjfelatin,  upon  uutnent  agar,  and  in  buiiilhin;  they  multiply,  liow*^ver, 
veiy  slowly,  so  that  only  on  the  seventh  ti>  tenth  day,  or  t-vcn  later,  ciul- 
tures  appeur  at  the  point  of  inoeulation  in  the  t'orTu  of  dnll-white  flakes 
ivsenihiing  little  scales.  Larger  euMures  tVjriin»n  tlie  stn*rnee  »*f  Hiliditied 
hlnod-serum  white,  invgularly  shuped*  dull  eoaliiigs  (I*hite  I.,  Fig.  4). 
Areording  to  NocHrd.  Uoux,  and  Hisehoff,  the  gro\vth  of  the  baeilli  is 
greatly  aidetl  by  Ihe  additii>u  of  frcmi  4  U>  H  per  i-eut  of  glyri't-iii.  Haw- 
lovvsky  sueceeded  in  euUivating  them  on  polatoes  in  sealed  glu.ss  tubes. 

At  teni]>enitures  beh»\v  2Wo  <'.  and  above  42*^  C  the  growtli  of  the 
btwdlli  eeases.     Sunlight  kills  the  bficilli  in  a  short  time  (Koeh). 

If  the  bacilli  fr(»ni  pure  eultures  are  inoeulatrd  into  experimental  ani- 
nmls,  tnbereuhfsis  is  pnMineed  in  these ;  and  tin-  iutVi-tiiMi  sntnu'eds  as  well 
by  iuociUation  under  the  skin  (»r  in  the  abditniinal  eavity  or  in  the  autt*- 
rior  ebaniber  of  the  eye  as  by  inlialatioti  id"  an  atomi^ied  suspension  of 
the  eulture  and  by  inje<'tion  of  the  luieilli  into  the  veins,  (ininea-jags 
and  eats  are  si>eeially  Bustreptible ;  dog8,  rats,  and  white  nace,  on  tJ»e  wm- 
tmry,  ore  less  so. 

The  t.nberele->)a<-illi  ver}*  likily  fin<l  outside  of  the  body  of  men  or 
HnimalK  tiuly  very  tiuvly  a  suitiible  nutrient  medium  for  devehjjirneut ; 
that  is  to  say,  they  grow  abnost  exelusively  as  imrasites,  extremely  seldom 
as  saprojihytes. 

Thi'  infection  of  human  beings  and  of  uuinuds  oeeurs  fnmi  the  taking 
up  of  the  tuberele-bivilli  from  the  lung  or  intestinal  tract,  or  from 
w«>nnds.  Moreover,  a  direct  transfer  of  the  baeilli  from  the  mother  to 
the  fa'tus  developing  in  the  uterus  also  tabes  pla<re. 

In  the  external  world  the  haeilli  and  their  spores  are  spread  mainly  by 
the  sputa,  under  certain  eoudilions  idso  by  the  fivees  and  by  the  urine; 
furthermore,  from  tubereidous  ideers  of  the  .*4kin  or  tubeivtdous  organs 
taken  fn>m  living  or  dead  persons.  Sinee  the  baeilli  are  t*)leral>ly  i-esis- 
tant.  they  nuiy  reimiin  presen'ed  here,  muler  eertain  ettuditions,  for  a 
long  time,  and  ean  become  mixed  with  the  respired  air  as  well  as  ^nth 
tile  food  and  drink.  The  milk  of  tubercudous  eows  contains  the  bacilli, 
especially  when  tin?  udder  is  diseased;  it  seems,  however,  that  the  bacilli 
may  also  pass  ovrr  to  tlie  milk  when  the  udder  is  not  demonstrably  dis- 
eivse<l  {Hirwhl>erg,  Fjrust). 

For  the  i^ecnn-eni-e  of  an  infection  there  peems  to  he  required  a  certain 
111-ftiiniiosition,  whifih  lies  partly  in  eirenmstanees  whieh  atfeet  the  entire 
constitution  of  tlie  iuflividual,  ]mrtly  in  aecidr-rdjil  h)eal  lesions  existing  at 
the  time  of  the  iufeetiou.  Tliat  tuberculosis  occurs  us  a  disease  of  fanu- 
lies  speaks  f<ir  the  former;  that  tuberculosis  occasionally  follows  directly 
upon  other  morbid  nffcctions,  such  as  tissue-lesions  and  intlammation, 
»])eaks  for  the  latter}  and,  as  further  eom>boi-ative  evidence,  should  be 
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mentioned  the  circumstance  that  the  bacilli  by  no  means  always  develop 
on  inoculation. 

If  the  bacilli  succeed  in  developing  and  multiplying  in  any  tissue  of 
the  human  body,  they  lead  by  a  series  of  changes  to  the  formation  of  w/- 
lular  nodes  or  tubercles,  which  remain  devoid  of  blood-vesselsj  and  which, 
when  they  have  arrived  at  a  certain  stage  of  development,  die  oxit  again. 

According  to  the  investigations  of  Baumgarten,  the  first  effect  of  the 
development  of  the  bacilli  in  a  tissue  may  be  a  hyperplasia  of  the  fixed  cells 
of  the  tissue  (Fig.  347),  which  begins  with  karyomitoses  (r,  d)  and  leads 
to  the  formation  of  epithelial-like  protoplasmic  cells,  which  are  usiiallv 
designated  as  epithelioid  cells  {a).  By  reason  of  the  fact  that  the  process 
of  cell-division  repeats  itself  many  times  there  are  produced  clumps  of 
epithelial  cells  (a)  which  form  little  knot-like  foci  at  the  point  where  the 
bacilli  multiply  (Fig.  347),  and  at  these  foci  the  bacilli  lie  partly  between 
the  cells,  partly  in  the  cells  themselves  (Fig.  347). 


Pig.  347. 


Fig.  348. 
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Fig.  347. — Tissue-changes  produced  by  a  recent  invasion  of  the  tubercle- 
bacilli.  (Diafo^mmatic,  after  Baumgarten.)  a.  Hyperplastic  <K>unective  tissue; 
fc,  Cross-section  of  a  blood-vessel ;  c,  Karyomitoses  in  the  connective  tissue;  d. 
Mitoses  of  an  endothelial  cell  of  a  vessel ;  f,  Enii^ated  leucocytes.  (Magnitie<l 
350  diameters.) 

Fig.  3i8. — A  giant  cell  containing  bacilli  with  necrotic  centre,  from  a  tuber- 
cle. (Preparation  strained  with  jjentian  violet  and  vesuvin,  and  mounted  in 
Canada  balsam.     Magnified  350  diameters.) 


By  tlio  hyi>cr})l!istic  development  of  cells  the  connective-tissue  stroma 
of  the  original  tissxiti  is  pushed  nutre  and  more  to  <»ne  side,  and  \'\v\\  to 
some  extent  ol)litorrtted,  so  that  the  individual  cells  come  finally  to  be 
separated  from  one  another  tJiily  l)y  scanty  fibres  whose  geiieral  arrange- 
ineut  is  in  tlie  form  of  a  net,  which  is  consequently  spoken  <tf  as  the 
reti(*ulnm  of  the  tubercle. 

These  exuberantly  growing  cells  have  for  the  most  part  one  or  two 
nuclei  (Fig.  347,  a.  and  Fig.  349,  /;) ;  but  usually  cells  containing  several 
or  many  nuclei  {ifiuut  cells)  also  appear  (Fig.  348,  Fig.  349,  o,  and  Fig. 
350.  <■),  au<l  these  often  inclose  a  very  considerable  number  of  large,  oval. 
vesicular  nuclei,  as  well  as  bacilli  (Fig.  348  and  Fig.  350,  c). 

The  aggregation  of  large  cells,  when  it  has  readied  the  summit  of  its 
developnu'nt,  may  Itecouu'  somewhat  sharply  marked  off  from  the  sur- 
rounding tissue  by  a  thick  crowding  together  of  the  cells  lying  at  the 
peri]»hery. 

l)esi)itc  the  extrafn'dinary  exuberance  of  cell-growth  which  affects 
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the  connective-tissue  cells,  as  well  as  the  cells  of  the  vessel-walls  lying  in 
the  morbid  area  and  the  universally  present  epithelial  cells,  a  new  forma- 
tion of  capillaries  does  not  take  place  within  the  nodule. 

Sooner  or  later  there  takes  place  an  inflammatory  alteration  of  the 
vessels  (Fig.  347,  6)  lying  in  the  diseased  area,  due  to  the  presence  of  the 
multiplying  bacilli,  and  this  brings  about  an  emigration  of  colorless  hlood- 
corpuscks  (e). 

According  to  observations  of  Baumgarten,  the  time  at  which  the  emi- 
gration of  cSls  begins  seems  to  vary  according  to  the  method  of  the  in- 
vasion of  the  bacilli,  and  probably  also  according  to  the  character  of  the 
infected  tissue.  It  takes  place  earliest  when  the  tissue  is  at  the  same  time 
injured  by  any  other  harmful  substance — e.g.,  by  trauma.  If  a  large-celled 
nodule  has  been  formed  by  excessive  cell-reproduction  the  emigration  of 
cells  leads  first  to  an  accumulation  of  small  round  cells  in  the  periphery 
(Fig.  349,  c),  later  to  a  general  infiltration  with  round  cells,  which  can  be- 
come so  extensive  that  the  large  cells  may  become  entirely  hidden.  A  large- 
celled  tubercle  becomes  in  this  way  a  lymphoid  or  smalUcdled  tubercle.  If  the 
emigration  of  cells  takes  place  very  early  the  tubercle  assumes  from  the 
start  the  character  of  a  smaU-celled  focus.  The  growth  of  cells  may  fall  so 
much  behind  the  emigration  that  a  large-celled  nodule  is  not  present  at 
any  stage  of  develop- 
ment of  the  tubercle, 
but  constantly  a  smaU- 
celled  nodulcy  in  which 
the  reproduction  of 
large  ceUs  is  either  en- 
tirely absent  or  takes 
place  only  at  a  late 
stage. 

Pig.  349.— Tubercle 
from  a  fungous  granula- 
tion of  bone,  a,  Giant 
cell ;  b,  EpitheHoid  cells ; 
c,  Lymphoid  cells.  (Prep- 
aratioQ  hardened  in  Mtil- 
ler^s  fluid,  colored  with 
Bismarck  brown,  and 
mounted  in  Canada  bal- 
sam. Magnified  260  dia- 
meters.) 


With  the  emigration  of  cells  there  is  usually  combined  a  serous  exu- 
dation, and  fibrin  may  be  deposited  in  tlie  tubercle  itself  as  well  as  in  the 
neighborhood. 

The  tubercle  arrived  at  the  height  of  its  development  fonns  a  small, 
gray,  translucent,  cellular  nodule  which  may  attain  the  size  of  a  millet- 
seed,  and  which  incloses  among  its  tissues  more  or  less  numerous  bacilh. 
When  it  has  reached  a  certain  size  retrograde  changes  usually  appear  in  the 
centre,  in  consequence  of  which  the  cells  die  out.  The  small  cells  die 
out  first ;  their  nuclei  become  shrunken  or  break  up  and  disintegrate. 
Later,  the  large  cells  also  die  out,  be<iome  pale  and  homogeneous,  lose 
their  nucleus,  and  become  glistening  hyaline  flakes  (Fig.  350,  «i).  In  the 
giant  cells  at  this  stage  may  be  seen  not  infrequently  a  partial  necrosis, 
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wliicli  may  be  recognize<l  ]iy  a  tiiuuiiutiou  in  tln^  staining  jjower  of  the 
j)rot<)plaMii  ^Fig.  3o01,  »u  appeai-ftiK^e  whitih  van  poiutM  out  hy  Weigert 
a  few  years  ago.  The  nuclei  iire  eourtequi-Jitly  situated  more  esi>eeialJy 
in  tliat  part  wliere  the  protophism  still  remuins  olive,  and  they  oenu]>y 
Kumetuues  a  side  (Fig.  350),  sometimes  one  |>oU',  sometimes  the  entire 
eirr-umferenf-e  of  the  giant  eell  (F^ig.  348),  or  sometimes  also  tlie  centre. 
The  baeilli  are  often  nceumulated  espeeiallyat  the  boimdary  between  the 
Oead  and  the  living  tissue  (Fig.  iJ48),  but  they  may  aLsn  lie  in  the  |H>rti*»ns 
whieh  ai-e  devoid  of  nuelei  (Fig.  3oO).     Finally,  the  whole  uelluhir  tiasue 
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Fig.  350. — Tissue  from  a  focuBof  tuberoa- 
lar  diseamj.showinfr  bacilli  and  a  litniledarea 
of  cheesy  deg^'uenition.  «,  Omnular  cbeesy 
material ;  n,,  Cheesy  materia]  in  the  form  of 
small  separate  aggi-egations  ;  b,  Fibrocel hilar 
tissue;  c,  Partly  nccixjlio  giant  cell  with  ba- 
cilli ;  (/,  Cellular  tissue  iiivadrd  bv  baeilli:  e, 
A  similar  invasion  iii  ti^siip  tlial  is  necrotic  ; 
/,  Bacilli  inrlosed  in  cells.  (Preparation 
treatt^l  with  t'uehsin  and  auiliae  hlue,  and 
mounte<l  in  CanatUi  balsam.  Magnified  300 
tlinmetcrs.) 


may  become  a  uniform  hyiiliih-  mass,  or  eonsist  of  hyaline  flakes,  or  turn 
to  a  granular  mass  ctnitaining  more  or  less  abiunlant  fat-granules.  The 
tubercle  then  loses  its  gi'ay,  triiiislueeiit  eliaraeter  and  becomes  opaque 
and  yellowish  white,  a  <diange  that  is  designated  rfistathn  of  the  tuh^rcU. 
If  simnltanfously  with  the  tuljerele-baeilU  othi-r  pathogtmie  bacteria 
— e.g.,  pus-eocei — get  into  the  tissues,  mijced  w/trHoas  may  result,  whieh 
then  show  an  anomalous  ))eha\"iorof  the  infected  ti.'isuo,  Au  inva,sioii  of 
pathogenic  bacteria  into  a  lissnr  tliat  is  alrea*ly  changed  by  tuberenlosiB 
may  lead  to  if^condmy  infecfiou.     Both  occur  especially  in  the  lung. 

The  term  tubercle  {tuberaiitim)  was  formerly  employed  for  all  poRsihle  nod- 
Tiles.  Balllie  in  1794,  and  Baylc  in  T810.  tirst  calleil  attention  ti>  th*-  gray  miliary 
nodules  wliich  via  now  call  tubercles.  But  Hayle  extended  the  desii^iiation  to 
other  changes  of  the  hings.  Laennec  laid  the  principal  stre&s  upon  the  caseous 
znass  AS  he  found  it  in  phthisical  lun^s.  Larger  casfons  nodales  and  lobular 
caseous  intlltration  be  also  desipiatod  ns  tuberculous.  He  called  the  nodules 
tubercles,  tlie  diffuso  iuflHration  tulwrrular  infiltration;  the  gray  utntules — i.e., 
the  genuine  tubeiT.les— he  called  (franitlatii/n)i  miUaxres.  Consequently  the  case- 
ation becanie  Ihe  chief  charactfristic-  of  tulhrculosis;  it  wa»  designated  tuber- 
culization. Virchow  pointed  out,  as  opposed  to  this  view,  that  cAseous  masses 
may  result  in  manifold  ways  and  therefore  have  very  varying  significance.  He 
places  the  oeltnlar  tubercle  as  the  anatomical  basis  of  tul)ei*cuJoais. 

The  diai^nosis  as  ti>  whether  tubercidosis  is  present  in  a  given  case  or  not 
may  be  iletennined  mostly  without  ditftcuUv,  partly  on  changes  that  are  raacro- 
B(H>picalIy  recognizable,  partlv  on  the  bistohigical  stnu'tiire  of  the  morbid  area. 
Af*  repirds  the  histolnjjy  of  the  tubercle,  it  may  be  reniarkcd  that  lanre-celled 
tubercles  containing  jriant  cells  are  not  easj-  to  confound  with  anything  else, 
whereas  small-ceiled  lymphoid  tubercles  are  not  always  to  be  reeogni/,ed  imme- 
diatelv  as  sucli.  In  many  orjifHns— e.g.,  the  lungs — tul»erculous  processes  raay 
spread  and  attain  larjre  propt>rt.ions  without  any  typical  tubercles  forming;  wi 
that,  in  order  to  make  a  diagnosis,  inocidation  of  animalnor  the  finding  of  tul>er- 
cle'bacilli  is  necessarj*.  Uiant  cells  also  ocotu*  in  non-tubercular  processes — for 
example,  in  sj'philitie  pi-owths  and  in  many  tumon* ;  but  in  no  process  are  they 
„s  common  at*  m  tnberculosis.  and  do  n<>t  nsimlly  show  the  peculiar  grouping  of 
the  nuclei  which  is  seen  in  tuberculosis.     The  combination  of  the  foriuatioa  of 
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{ri&ni  cells  witb  tlio  ag'greof&lion  of  e{)it}ielioid  celb  in  uodular  foci  i»  always  a 
Hure  (liagnostii*  (tnt«rion  oi  tuberculosis.  The  mH-'roBiH  of  the  tubercles  in  to  be 
regarded  as  a  speclfit-  action  of  the  l>H4*i]li. 

The  power  to  transfer  tuberculosis  from  human  beines  to  autmals  was  estab- 
lished dofiuitvly  by  numerous  experiments  before  the  discovery  of  the  bucilU. 
It  was  also  shown  by  these  experiments  that  the  susceptibility  of  different  ani- 
mals varies  ^ratly,  rul)bits,  guinea-pigs,  and  ruminant  animals  bein^  easy  to 
infect,  while  dogs,  on  the  contrary,  are  infected  with  difficulty.  Aceordinp-  to 
our  common  experience,  the  predisposition  to  tuberculosis  is  very  variable  within 
tlie  human  species  itself,  since  ouly  a  certain  uuniber  of  human  beings  are  sus- 
ceptible. According*  to  the  general  view,  predisposition  is  caused  by  serofuloitis 
—I.e.,  n  morbid  behavior  of  the  orgauisu)  betrayed  in  a  tendency  to  certain  nu- 
tritive disturbances  of  the  external  skin,  of  the  mucous  membranes,  <>f  the  joints, 
of  the  bones,  and  of  the  lymphatics.  It  is,  nevertheless,  to  be  observed  that 
many  phenomena  ascribe*!  to  scrofulosLs  are  pheuomena  of  an  already  existing 
tubcrrular  disease. 

The  onset  of  a  tuberculous  affection  ia  usually  not  to  be  determined  in 
liiimnu  beings,  since  the  symjitoms  of  the  disease  onlv  show  themselves  after  the 
pruHM'SM  hiis  wxteniled  to  a  certain  degree,  con.Hec|ueiillv  at  ft  time  when  it  is  diffi- 
cuh  to  find  out  anything  in  ivgard  to  the  moile  of  infection. 

Inoculation  experiments  have  been  made  iu  ilifferent  ways.  Some  have  in- 
oculated umler  the  skin,  others  in  the  abdominal  cavity,  or  in  the  eye.  or  in  one 
of  the  joints;  still  others  made  exijeriments  in  feeding  tubereulous  masses: 
others,  again,  introduced  caseous  tubercles  rubbed  to  powder,  or  pulveidzea 
Sputum,  into  the  lungs  with  the  respired  air. 

After  the  discovery  of  the  tubercle-bacilli  by  Koch,  pure  cultures  of  the 
bacilli  were  often  used  for  inoculation,  and  typical  tuberculosis  can  be  obtained 
in  susceptible  aiiiuiids  with  those. 

According  to  investigations  of  Koch,  iin  active  poisou,  tulierctilin,  can  be 
extracted  in  aqueous  glycerin  solutiuns  from  i>ui-e  cultures  of  the  tuberele- 
bacilli.  For  i»hlainiiig  large  amounts  of  tuberculin,  cultures  of  six  or  eight 
weeks  old,  in  sliglitlv  Hlkahne  veal-broth  to  which  1  per  cent,  of  peptone  and 
4  or  5  per  cent,  of  glycerin  are  added,  are  especially  favorable.  The  cultures 
are  evaporated  to  abruit  one  tenth  the  original  volume  by  wnrming,  and  then 
are  ttlt^^red  through  porcelain  or  siliceous-murl  filters.  In  this  way  tubercidui 
ia  obtained  free  of  bacteria,  in  a  mixture  which  contains  fnmi  40  to  5()  per  cent. 
of  glycerin,  and  thus  is  prote<'t*'<l  iigainst  decomjjo.sition.  Tuberculin  may  l>e 
pimtied  by  suituble  manipulatiou — i.e.,  precipitation  with  GO  per  cent,  of  alco- 
hol— and  then  fonns  a  white  mjiss  which  is  very  probably  an  ftlbuminous  ))ody 
(Koch),  but  c.'in  be  ranked  neither  with  the  toxalbunnus  m^r  with  Hie  peptones, 
sinc^  it  is  very  resistant  to  high  temperaliu^s  and  ia  precipitatod  witli  acetate 
of  iron. 

According  to  investigations  of  Prudden,  Hodeujpyl,  Vitwniaun,  Kost<*uiisch, 
ISfasur,  and  Kockel,  deadtubende-liacilli  conveyed  into  the  tiss-uesof  an  animal 
by  inocnlation,  or  by  injection  info  the  blood-current,  or  by  introduction  into 
the  respiratory  passages,  produce,  at  the  point  of  introduction,  iullammation  and 
new  growth  of  tissue  very  similar  to  that  produced  by  the  living  bacilli.  When 
introduced  in  large  numbers,  the  dead  l>acilli  may  also  produce  suppuration. 
The  process,  however,  caused  by  the  dead  bacilli  differs  frtim  that  caused  by 
the  living  bai'illi,  tn  the  foUowmg  respe^'ts:  tlie  dead  bacilli  become  entirely 
desti-oyed  in  a  few  weeks,  and  the  granidating  nodules  heal  up  by  Iwing  changed 
into  tll&rous  tissue ;  furthermore,  the  extent  of  the  local  new  formation  of  tissue 
depends  entirely  upon  the  number  of  bacilli  introduced ;  and,  tinally,  no  exten- 
sion of  the  process  takas  place  in  tlie  body.  The  dead  bacilli  contain,  therefore, 
substttDoefi  (proteins)  wtuch  cause  iuilammat  i^m  aud,  later,  new  gr4>wtb  of  tissue. 


§  183.  Tuberculosis  at  its  commencement  is  a  local  disease  that  ufton- 
est  appeai'R  in  the  Iinigs,  the  intestinal  tniet.aiul  the  skin;  that  is  tosJiy, 
in  pbwes  that  are  accestiible  from  without.  But  cases  oft<?u  enough  (M'cur 
iu  which  tJie  first  observable  mt»rbid  clmnges  appear  in  the  tissue  hidden 


482 


PATHOOENJC  BACILU. — TUBERCULOSIS. 


in  the  depth  of  the  parenehjTna  of  the  body — e.g.,  in  the  epidid\Tnides 
and  testicles,  in  the  bones  and  joints,  in  the  lymphatic  glands^  and  in  the 
brain.  So  there  reraains  no  other  |)ossibilitA'  except  to  asstune  that  the 
bacilli  under  certain  cirennistances  get  into  the  body  without  lea\'ing  be- 
hind a  permanent  c'hange  at  the  portal  of  entrance :  that  they  develop  first 
in  distant  organs  to  which  tlieylmve  been  conveyed  by  way  of  tlie  bltKHl* 
or  lyniph-currentfi,  and  by  tlieir  iucrcijjse  give  rise  to  new  formation  of 
tissue  and  to  emigration  of  white  blood-corpuscles. 

The  local  disease  can  begin  with  the  formation  of  a  single  nodule  as 
well  as  with  the  formation  of  severaL  In  the  neighliorhood  of  the^  the 
tissue  to  a  greater  or  less  extent  is  inflamed  and  infiltrated  with  cells. 
In  severe  inflammation  the  formation  of  nodules  can  In-come  indii^tinct 
c»r  even  unrec<jguizable,  so  that  the  primary  focus  of  tlisease  may  present 
the  appearance  of  a  large  granulating  growth.  As  long  as  the  nodules 
do  not  exceed  the  size  of  a  millet-wed  they  are  de^gnattnl  as  miliary 
tubercles.     With  the  further  development  of  the  process  usually  Uie 


m. 


5^' 


?Ci 


Fig.  351.— Primarv  tubercular  nodnles  in  the  limgs,  with  beginning  luber- 
,cular  lymphaugitii^.  ^twtion  from  the  apex  of  the  left  lung  of  a  woman  twenty- 
five  yean*  old,  that  t-ontainwl  Isolated  nodular  foci,  a.  Normal  hmg-tissae  ;  6, 
Normal  bronchus;  c,  Bronchus  with  inflammatory  infiltratiou  of  the  wall;  d, 
Arteri.-;  c.  Foci  of  ca.tcatcd  bronchopneumonia  cnoapsidate<i  by  connective 
tissue ;  /,  Lnng-tiitsue  the  seat  of  flbnuoos  induration ;  g.  Caseated  centre ;  4, 
Ocillular  ^icriphcn.'  of  a  lubcrculou;*  f<K*uji ;  i  and  k.  Miliary  tubercles  inside  the 
neighbonuglvmph -tracts.  (Preparation  hardened  in  alcohol,  colored  with  cjwr- 
mine,  and  mounted  in  Canada  lialsam.    Magnified  15  dtameten.) 
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next  step  is  the  formation  of  large  granulating  nodules  (Pig.  351, 17,  h). 

That  these  are  composed  of  smaller  iiodiileR  cnii  sometimeK  Vie  easily  i-ec- 
ognizcd ;  but  sometimes  this  is  not  clear.  Caseation  takes  plm^e  verj- 
early  in  the  interior  of  these  nodules  (Fig.  ^^1,  </),  in  eonsequenee  of 
which  the  iiudiiie  loses  its  transhicent  ehai*acter  in  the  ceotre  and  l>e- 
eomes  yellowish  white  or  piu'e  white,  WinjultnueouKly  new  nodules  make 
tiieir  apijearatiee  in  the  periphery  of  the  primary  focus  (i),  us  well  as  in 
the  suri*ouuding  tissue  (Fig.  iiril,  1%  and  Fiir.  J^.VJ,  1).  The  hitter  are  located 
in  the  l)nn])h-tra<'ts  and  areoonaeqncntty  ealh'd  miliary  tubercles  of  the 
lymphatic  vessels.  If  intlammatoty  infiltration  oiciirs  iM-hvcen  noigli- 
boriug  uodides  the  secondary  uodides  may  bee^nne,  as  it  were,  fused  with 
the  prinmi'j*  nodule  intu  one  single  t'oeus  of  disease. 

The  course  of  IochI  tubcirulosLsis  usually  chronic  in  liunmn  Innngs.  so 
that  weeks  and  months,  tiometimes  even  ycHi>,  chipse  lieft^v  a  large  atva 
of  tissue  is  desti-oyed  by  the  tal)erciilar  ]>roc«'ss.  The  primary  granulating 
foci  may  gi-ow  in  the  meantime  to  caseous  and  fibrinocaseous  r\odules 
of  quite  cousidcmble  size  before  the  dlswemiiiMtiou  of  tubenrlcs  extcmls 
beyond  the  immediate  neighlxjrlMKKl.  This  occurs  notal>Iy  in  the  brain 
(Fig.  .3r>;j),  whei'c  the  muluhs  wliicli  ivsult  in  this  way  attain  the  size  of  a 
haiscl-nut,  oreven  thatof  apige<urscggainl  larger  (c),  having  a  yellowish- 
white  caseous  or  fibrinocaseous  centre  and  a  gray  translucent  periphery, 
lu  other  cases  calcification  follows  c^uM'aiion  ',  in  si  ill  t»thcrs  the  caseation 
may  ri'nudn  long  ahsent  and  the  new  growtli  iftniri  its  cellular  cliaractcr 
for  months  and  even  years.  This  occurs  uotably  in  l^v^nphatie  glands, 
which  thereby  bc<'omc  Ciinverled  not  infrequently  into  large  nodules 
consisting  essentinlly  of  a  tissue  composed  4»f  larg(»  cells.     In  still  iither 
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Fio.  352.— Subopithrlial  tubercular  jrranulations  ftnd  Bcattered  tubercles  in 
the  wall  of  the  largo  int«»tmu.  Furmation  of  au  ulcer,  a,  Mucosa ;  b^  i^ubmu- 
c'osa;  Cj  Musoularis  interna;  dj  Musoulariti  externa;  e,  Serosa;  /,  Solitan.'  folli- 
cle; (f,  Mucosa  infiltrated  with  cells;  7i.  Ulcer;  A,,  Centre  of  softeiiiiur;  t",  Fresh, 
ii,  cheesy  tubercleji.  (Preparation  hanlctied  in  nlcohol,  etaiued  with  Bifnuarck 
brown,  and  mounted  in  Canada  balsam.     Jtagriitied  30  diameters.) 


484 


PATnOOKXIC  BACILLI. — TrBERCl*L08I8. 


C4ises  the  primary  tnbercnlons  U>oi  niay  beoome  again  absorbed  autl  tV 
tissue  ill  UiM  Ui'ij,'iihor!i(Mi<I  bHnicii  iiiU>  a  sear.  Examples  occur  iii  tuWr 
<'ul<)sis  of  the  skin,  and  also  of  tije  lungs. 

MohI  frt'<|u*'ntly,  liowcvrr.  rlicivwill  (kumiv  sfHJinTorliiU'r.  a  softening 
and  disintegration  of  the  caseated  nodules  of  granulation  tissue.  It 
tJieseair  situnU'd  in  the connetuive  tissue  of  the  inuwius  membrane  (Fig. 
352,  Ai),  the  .softened  masses  bivnk  throufjh  and  give  nst*  to  ulcers  (A)  the 
edges  of  which,  as  well  as  the  sumMiudiunj:  Uswijck,  are  infiltrated  with 
pelis  and  with  more  or  less  numei'ons  tubercles  {i,  ii).  The  proeess  quu 
run  a  siiniJar  eourse,  also,  in  the  skin  (Kijr.  •^ij4),  eHpceially  in  that  form  i»f 
tubertnilosis  of  the  skin  wliifh  is  usually  called  lupus.  After  the  bn-tik- 
ing  through  of  the  epidermoidal  cover  {j/),  uleers  result  here  also,  and  iu 

the  floor,  or  in  the  mur- 
f  ,.^:^  _  jjrins.  or  the  wurrouudiiiir* 

<if  tliese,  small-  or  lar^ie. 

celled  tubercular  uodiilcs 

will  }to  found  (r,  rf,  ^). 
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Fiti.  353.— l>arge  aolita- 
rj'  tubercles  of  the  pia  umier 
cerebelU  in  vertical  fit'e!i(»n. 
a,  Cerebellum ;  b,  Dum  ma* 
ter  pr<>\m  to  Ihe  tulierol*; 
0,  Luminated  InbercU';  d, 
tirav  periphend  xone  irromi 
to  tlie  dura  mater  and  be<*^t 
with  yellowish- white  nodu- 
lar deposittt.    (Nattira)  ffizo.) 

Tf  eiiseoiis  tubei*eidiu*  foci  sitUHted  in  the  depth  ot  the  tissue  disintf. 
j^ate,  they  form  in  such  ]>luee's  hollovk'S  or  caverns  (Fig.  3o5,  /i),  filUnl 


^- 


/ 


Vi 


<m^i 


^^^^ 


Pm.  354. — Section  throngrh  a  piece  of  skin  affected  with  lupus,  a,  Nornuil 
epidermis;  fc,  Nomml  corium  with  Hweat-i»land,  V;  c,  Reerion  of  the  new  g^rowtli 
of  lupus;  rf,  CellulHr  nodules,  eont«iiiinK  blood-vessels  situated  within  an  HnAJ 
of  diffuse  oellnlar  intiltration  ;  e,  NikIuFh  without  vessels;  /,  Bands  of  cells:  fj, 
Ulcer;  h,  Epithelial  new  (jfrowth.  (hijtetfd  preparHtion  hardenetl  in  alcohol, 
colored  with  alum  oannine,  and  mounted  in  Cauaila  bulsam.  Mapiitied  iW 
difiDiett^ra.) 
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with  pus  and  with  the  (K'))ris  (ft)  ot  the  ilisint^gratvJ  and  cnimblcil  t-aseous 
tissue,  iiud  HurrouudtHl  \*y  a  tissue  whic-Ii  in  I'itht'r  already  eiiseous  and  in 
the  process  of  ilismteprtititfn.  ur  viiich  has  btvome  ehiniffed  into  a  ^an- 
ulation  tissue <'ontaininj;  tuln-i'i-U's (Fij^. :^.V), /).  TIk'  pus oontainiMl  in  the 
Ciivity  is  parity  a  secit'tion  nf  the  iiiriained  wall,  whieli  is  roiisequfiitly 
also  ("idled  a  pi/o<jenir  mtnihmue. 

The  fonnation  of  su<'h  cavities  ocrurs  in  tuborculosis  of  the  skin,  ihe 
Bulx^utaueous  tissnv,  the  uiuseles  aud  the  boues,  as  well  a»  in  tiihereidar 
disease  of  the  kidney,  the  Junjr.  the  lyniph-frlands.  aud  the  bruin.  They 
are  oftenest,  however,  <0>si*rved  in  tin*  luuirs,  and  luay  ivaeh  in  this  siiu- 
atii>n  a  eousiderable  size.  If  sevend  of  these  eavities  of  disintefrratiou 
lie  near  one  another  they  may  Iwi-otiie  nioi-e  or  less  melted  to^^tiier,  as 
it  wen*,  by  the  disintefn*ation  of  thf  interveniufr  tissue,  so  that  extensive 
sinuous eavities.  or  even  entire  systems  of  caverns,  res\dt. 

Tuberculosis  often  rans  for  years  or  deeades  in  an  oj-paii  as  a  iiurely 
hteal  process,  without  the  nei{?hlH>riiifj;  i»r^ins,  or  the  or^^ans  eoniiecteil 
by  the  blood-  or  the  lymph-stream  with  the  diseiised  one,  beeomiu^ 
aifef'ted.  Thus,  for  example,  the  skin-tubLnrtilosis  called  lupus  may  be 
borne  for  tens  of  y*'ars  without  destroyiiiir  the  ijeneral  healtli  rind  with- 
out iitiier  (irjftins  luMMuniuj;  infet^ted.  In  the  same  wjiy  tuhereuhisis  of  diie 
epididynii.s.  <»f  one  testicle,  or  of  one  lung  or  one  lyinph-ghuid  may  also 
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PlO.  355. — Tubercle  of  the  centre  of  a  bone  in  an  advanced  ninge.  Section 
through  the  lower  part  of  the  (liaj)livHiK  t^f  llif  tibia,  a,  PerioBleuinj  6,  llure- 
fied  cni-tex:  c,  Periosleal  t)oiie-dt^iM»sit ;  fi,  Fihrous  tissue  on  the  iiuier  surface 
of  iho  cortfx;  r,  Oruimliition  tissue  containtne  tidiercles ; /,  Sequestrum  with 
scanty  b«)ne-scaffoldinp,  permeated  with  ^nnulations ;  p,  tJnion  of  the  pranula- 
tiona  with  the  sequestrum  ;  h,  Cnvitj'  that  was  tilled  with  pu.**  and  caseous  mate- 
rial. (Preparation  hardened  in  alcohol,  dt'caloified  with  picric  acid.  colore<l 
with  lucmatoxyhrt  and  carmine,  nnd  iiiotini<*d  in  ('anada  balsam.  Magnifieil  4 
diameters. ) 
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reinnin  for  years  confiuod  to  the  orgiin  in  question.  In  general  it  can 
be  said  that  tlie  less  extended  the  caseation  and  disintegration  of  tissue, 
uud  the  greater  the  extension  of  the  eounective-tissue  formation  and  the 
scar-formation,  the  more  benignant  the  eourse.  If  a  tubertrulous  focus  is 
present  anywhei*c,  uud  if  iudui*nted  connective  tissue  forniK  at  this  point 
or  in  its  surroundings,  it  is  apparent  that  the  spread  of  the  tubtTt'le-bacilli 
bcroTues  more  difficult.  And  at  the  present  day  there  is  no  h)n^er  any 
doubt  that  in  this  way  tulMMvulous  processes  may  be  brought  to  a  stand- 
still for  many  years  find  also  even  completely  healed. 

It  is  true  that  such  a  perfeet  healiug  is  not  exactly  fretjuent.  Kven  if 
the  tiBBue  in  the  neighborliood  of  a  caseous  nodule  beri^ines  cullous,  even 
if  cavities  become  shut  off  from  the  contiguous  area  liy  a  tibrous  hyper- 
plasia of  the  surrounding  tissue  {Pig.  355,  ri),  even  if  tubercles  and  gi'oups 
of  tubercles  become  walled  in,  as  it  wei'c,  by  a  new  growth  of  eonneetive 
tissue,  still  an  absolutely  certain  pi-otectiou  against  the  further  s]»rea<l  of 
the  tulK'reulitsis  is  not  afforded.  It  is  to  be  regarded  us  the  rule  that 
new  fivQiia  will  become  occupied  by  the  disease  process  m'en  in  eases  that 
run  the  most  favoraljle  course.  This  extension  of  the  process  is  ehar- 
aeterized  l*y  tlm  formation  of  new  nodules,  which  sub*:ef|uently  meet  with 
the  same  fate  as  those  that  fonuod  curlier. 

If  the  disease  has  stnited  in  the  lung  tlie  extension  first  follows  In 
the  lymph-channels  (Fig,  356,  g,  h,  i,  k,  I,  w).  and  in  this  way,  after  a 
time,  without  exception,  the  iH'ril>ronehiul  lymph-glunds  (/i,  di),  and  fi*e- 
queutly  the  visceral  ftlenra  (/),  Ixi-conie  involved.  Prom  the  latter  the  costul 
pleura,  the  pericardium,  and  the  peritoneum  can  become  infected.  If  an 
eruption  takes  place  of  miliuiT  nodiUes  formed  by  resorption  the  process 
is  ciilleil  miliary  tubercular  lymphangitis  (Pig.  ;{56). 

If  ulcerative  pnxresses  occur  in  the  luug  which  in  any  way  become 
connecN^d  vnth  a  bronchus,  the  bacilli  get  into  the  bronchial  ti*ee,  and 
later  into  the  windpipe,  larynx,  and  mouth,  with  the  expectorated  sputa. 
From  the  latter  they  may  be  swallowed  and  then  l>e  taken  up  at  some 
point  in  tlie  intestinal  traet. 

Ill  the  ivfeded  hjnipUijtamUy  at  the  place  where  the  bacteria  settle 


and  multiply,  large-celled 
nodules  are  fonned  (Fig. 
357,  «).  whicli  frequently 
also  contain  giant  cells 
(r)  and  at  a  later  stage 
become  caseated  in  the 
centre  (rii) ;  or  a  more  dif- 
fuse   large-celled    liyper- 

Fto.  357.— TubereulBr 
eruption  in  a  lynipli-gbiiid. 
o.  Tubercle:  Cu  Caseated 
tubercle  j  b,  Ljinphatie- 
glund  tissue;  c.  Giant  eell  in 
the  centre  of  a  tubfrcle; 
ci.  Giant  eell  on  the  edge  of 
an  area  of  caseation ;  d, 
Large-ct^Ued  tissue  between 
the  tuhereles;  r,  Blood- ves- 
Hel.  (Hiematoxvlin  prepa- 
ruliou.  Mui^nitled  ItiO  dia- 
meters,) 
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plasia  may  be  produced  by  ii  milling  together  of  the  nodules,  tJie 
tiou  in  the  latter  ease  taking  place  Iat<*r.    Occasionally,  however,  the 
ation  follows  closely  n|>oii  the  new  growth,  so  Uuit  the  enlarged  lymph- 
glands  are  nearly  or  quite  caseated. 

In  the  infection  of  the  itfrou^f  iii*'mht'(tnes  local  (Fig.  358,  a»  &,  r)  as  well 
as  diffuse  (rf)  hyperplasia  of  the  epithelium  and  conneeiive-ti.ssue  cells 
appears,  the  former  leatliiig  to  tlie  development  of  cellular  nodules.  Ass<w 
cmted  with  the  hyiK*rj>hisia  is  an  tnrtarnmatory  emigi-ation  of  cells  («•)  out 
of  the  bloml-vessels ;  freipif ntly,  also,  there  is  a  sei*<»us  or  serofibrinous  <>r 
blood-stained  exudate  in  tbi-  ('a\ities  of  the  body.  If  the  affected  indi- 
vidual d<ies  not  die  there  residts  a  uew  foiiiiutiou  of  connective  tissue 
on  tlie  surface  of  the  serous  memliranes,  which  conseijiicutly  In-cnnie  thick- 
ened and  in  many  phu'cs  form  adhesions  to  the  walls  lying  opposite.  The 
imprisonment  of  gi-ny  tuVicn'tes  and  ciiscous  nodules  at  such  spots  discloses 
later  tlie  tuberenhms  nature  <it"  tin*  <lisease. 

Of  the  rttri^ms  tminnfs  mtmUntHfn  itlrffuhf  mtti/ioHrtl  fkat  ure  triturepti- 
hie  to  the  <Iiseasr  tlie  most  usuidly  affected  are  those  of  the  larjTix,  of  the 
tra<*hea,  of  tlic  ileum,  and  i\i  the  lar^e  int4-sti!]e:  and  every  new  foent* 
of  disease  behaves  in  the  nianiier  deseribed  above  for  the  primary*  foci 
in  tlie  mucous  nienibranc.  The  ufn'rg  of  tin'  tnucoits  immhraae  resulting 
from  the  bi*caking  duwn  of  the  tubereulous  U%v\  may  sjirend  on  tiie 
fiurfai^e  iis  well  as  in  the  ileplJi,  ai'o  nu»st]y  irre^ndarly  sliapeil  and  sinu- 
ous, and  their  margin  and  bottom,  as  well  as  thcii*  suiTouudings,  c<mtain 
tubendes.  By  absorptimi  (jf  tubercle-bacilli  into  the  lymphatic  tracts  the 
appurteunut  lympli-ghiiulsaiui  the  pericardiuTM  l»ei'ome  infected.  If  the 
tul»creulosis  starts  in  a  kidney,  the  pelvis  and  ureter,  and  later  lUso  the 
urtnurv  l»ladder,  berome  infected  by  the  baeilli  that  come  off  fi*i»m  the 
tnlM-rrnhins  I'oens,  vvhereliy  miliary  tubercles,  as  well  as  extensive  suliepi- 
thelial  gi'anulations,  and  flniUly  ulcers,  are  fomu*d.  In  men  the  differ- 
ent parts  of  the  genital  apparatus  may  bt*come  infected  from  the  bladder. 
Tidicrrnh^is  usually  extends  to  the  testicle  from  the  epididymis.  Tuber- 
culosis of  the  mueoos 
\}  niembnine  of  the  utoriis 

an<l  tubes  may  lead  to  tu- 
beri'ulosis  of  the  perito- 
neum ;  tuberculosis  of  a 
btmetoinfectionof  neigh- 
boring Ixtnes  or  joints,  aa 
well  as  of  other  surround- 
ing parts,  and  of  the 
con*esponding  l\inph- 
ghtnds. 

FlO.  358.— TubeivulosiB 
onionti.  fl,  Centre  of  a  tu- 
bei-cle  ;  b,  Cells  of  an  epi- 
thelioid ebaraeter;  c,  Ljin- 
pliatic  ekments;  d,  Hypor- 
p)aKti<!  epil  helium  in  the 
neighborhotMl.  (Prepara- 
tion hardened  in  Mu11ct''s 
fluid,  stained  witli  carmine. 
and  mounted  in  Cimada  1>al- 
8am.  ^blgnif1ed  2(X)  diame- 
ters ) 
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If  tnlH-reiilosis  jmigresses  iu  the  interior  of  an  orpin,  or  if  softeuiupf 
iMM*ni*s  in  tulirivulons  fori,  there  is  n  roiisttint  danger  of  n  breaking 
throus:h  of  the  bacilli  into  the  blood -current.  Thisoan  happ<.^n  bytnuis- 
portatiou  of  the  hiK'illi  from  caseous  lynipliatic  glands.  l»y  way  of  the 
iyin]>hatin  vessels,  into  the  thonicic;  duet,  and  theuee  into  the  venous 
syst-eiu  of  VHs-sels.  Still,  it  iimn'  J'ri'queiiUy  hapyjens  tliat  the  V)a<!illi  j^^ain 
ae<resR  to  tlio  rireulution  through  u  direct  nipture  into  a  neighhorin*? 
blood- vessel.  This  ean  also  oceiir  in  fof-i  situated  in  liu*  pareiiehyma  of 
any  <ither  tissue. 

Tubereidous  processes  can  enei-oaeh  upon  the  veins  of  the  hinjfs  (Fiff. 
.'15(1,  fijf)  im  well  as  upon  the  arteries  of  the  lungs  and  upon  the  vessels 
of  the  systeniiu  einMiIatiou.  In  this  way  it  happens  that  the  diseased  and 
4'ase(*us  l)^nphatic  glands  become  a<iherent  to  the  neighboring  vessel-wall 
(/),  and  in  eonsetinonee  the  tiibereli'-haeilli  settle  on  the  vessel-wall  and 
tiually  get  into  the  ueighhoring  lumen  of  the  vessel,  Oeeasionally  a 
tlirombus  is  fonaed  iu  ei>nsei|tience  of  the  alt**ration  in  tlie  vessel-wall. 
Diweitsed  arteries  nuiy  Imrst  and  ■' 

cause  hiemorrhuje — i.e.,  luuniopty- 
sts.  Freipiently,  hiiwi'ver,  the  brt- 
eUli  get  into  the  idnod-sti-eam.aud 
their  trnnsj>ortation  in  this  way 
lea<ls  t4)  the  forriiatitiu  of  metas- 
tatic tubercles  (Fig.  Ci.*)9l  in  ease 
the  Imcilli  increase  at  atiy  point 
where  tliey  become  h>dged. 


St"  ■■"■*■- 


v.. 


Flo.  359. — Htemntogenie.  miliary 
tuberetdoKis  of  the  liver.  «,  Fully 
developed  tuberele  in  the  connective 
tissue  of  the  portal  veiD ;  &,  Aocmnu- 
latioa  of  round  cells.  (Prt-paralion 
liardvned  irt  uiiMfhol, rehired  wilh  C4ir- 
nune,and  nioiintt'd  in  CAiiada  ImlHaiii. 
MagniHpd  150  diameters.) 


The  process  of  the  eruption  of  inetHstatic  tubercles  into  one  or  more 
organs  is  called  haematogenic  miliary  tuberculosis.  Allien  the  spread 
of  tuberculosis  involves  the  majority  <»f  the  organs  it  is  called  jjeneral 
miliary  tuberculosis. 

The  tniuiber  of  metastatie  tubercles  in  au  organ  is,  of  course,  very 
variable,  and  depends  iu  the  fii-st  plaee  upon  the  iiumlM*r  of  baeilli  that 
have  gained  an  entcanee  into  the  organ.  Very  ]troiiably.  however,  the 
chai*acter  of  the  tissue  involved  is  also  of  ini|K»rtance,  since  the  bacilli 
that  are  eonvey(Ml  int*>  an  organ  do  not  always  sH(!<'ee<l  in  developing. 
The  eruption  of  tnbendes  is  usually  accom|Mnied  liy  the  J^henomena  «»f 
intiaiuTuation,  but  the  severity  and  the  extent  of  the  iiillamniatiou  are 
very  variable.  The  iutlaninuition  in  the  eruption  4)f  nu'tastatic  tubei-eu- 
losis  is  usually  most  pronounced  in  the  dejicalc  rnembnines  of  the  brain, 
whose  eavities  become  wreupied  by  a  gelatinous  serotibtiuous  or  a  librino- 
purulent  exudate-nuiss.  In  the  liing  an  abundant  eniption  of  tnl>ei*cles 
IS  nccompauied  by  a  high  gnwle  of  hyj>envmia  aud  more  or  less  jund- 
nounced  catarrh ;  occasionally,  also,  by  fibrinous  exudations. 

The  fully  develoj>e<l  meta^latie  tubercle  hius  tlie  same  structure  as  the 
primary  tubcrelc  [ViY^.  359,  a)  ami  those  wliie.h  are  ilue  to  absoii»ti*m  by  the 
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lympb-vesaek.  If  the  individual  does  not  die,  the  same  processes  luay 
toke  tbeir  origin  from  a  tnberele  fanned  by  metastasis  as  Veil  as  from  a 
primary  tuben^le.  If  tbe  tubercle-baciJli  are  swept  along:  by  the  blood- 
sti-eam,  in  the  botly  of  a  wojiian  in  a  state  of  pregnancy,  thfy  may  tjet 
info  the  placenta  and  lead  to  the  fonnatiou  <if  tubercles  in  tliis  situation, 
or  go  over  to  tht'  fruity  rw>  that  in  tliis  way  an  intra-utcrine  transfer  of 
tuberculosis  takes  place  from  the  mother  to  the  fcetus.  It  must  )w 
observed,  however,  tliat  an  intra-uterint'  tiibei*eulosis  that  shows  itself  in 
the  new-born  takes  placii  very  ran-ly  iti  this  way. 

A  transmission  of  tuberculosis  from  tbe  father  to  the  embiyo  by  the 
aet  of  impregnation  has  not  been  proved,  and,  Tuoreover,  is  very  im- 
probable. 

Credit  is  due  to  FriedliLn Jer  for  havinar  state^l  for  the  first  time  in  a  sharp  and 
definite  manner  that  there  is  a  larjfe  numBer  of  tubercoloBea  which  are  purely  of 
tlie  characttT  of  a  locftl  troubl**^  and  remain  so  throughout.  He  called  atten- 
tion in  this  coimoL'tiou  especially  to  the  tuberculosis  of  the  skin  called  lupus,  to  the 
tuberculosis  of  joints,  tirst  accurately  described  by  Virchow  and  Koster,  to  the 
tiih<^ri';uloKi8  of  the  testicle,  as  well  as  to  tuljennilosis  of  the  IjTnphatic  glands 
(Rchuj)i»el),  which  can  all  niu  for  a  long  time  as  local  affections.  He  showed, 
by  brintnng"  forward  positive  evidence,  that  tbe  doctrine  of  tuberculotiis  is  correct 
in  so  far  as  it  maintains  that  we  are  not  dealing  with  a  constitutional  disease  that 
occasionallv  here  or  there  evinces  itself  by  peculiar  processes  of  inflammation, 
but  with  a  disease  tliat  arises  from  a  noxioiw  a^^ent  that  has  come  from  without, 
and  thai  only  at  the  place  where  it  acts  upon  the  tissue  do  the  charaiUeritttip 
pheuoinena  of  tnbercmosiK  appear. 

Lupns  had  been  already  pronounced  to  be  a  special  form  of  local  tnber- 
culoais,  but  the  proof  of  the  coiTectness  of  this  >-iew  was  first  afforded  by  the 
detection  of  the  tubercle-bacilli  by  Pfeiffer,  Pageustecbor,  Koch,  Doutrelepont, 
and  l>emme. 

In  reganl  to  the  sprea^l  of  tulwifulosis  on  the  surface  of  mucous  mem- 
branes, it  is  worthy  of  note  tliat  all  nmcons  membranes  are  not  equally  suscep- 
tible. Thus,  for  example,  the  mucous  membrane  of  the  mouth,  i>f  the  throat,  and 
of  the  ODSOphngus  is  much  less  predisposed  than  that  of  the  larynx  and  of  the 
trachea.  Stomach,  duodenum,  and  bile-ducts  are  almost  immime,  as  is  also  the 
urethra.  Since  in  tuberculosis  we  are  dealing  with  an  orprauizea  ferment,  tlie 
relative  inmiunityofthe  stomach,  duodenum,  and  ductus  choledochus  is  explained 
bv  the  character  of  the  secretions  which  are  furnished  bv  these  parts  and  which 
hinder  the  tlevelopment  of  fungi,  IVobiibly  tlie  n^sophagtis  and  urethra  are 
favored  by  the  fact  that  the  substances  passing  over  them  never  Ue  for  any  great 
length  of  time ;  whereas,  in  the  small  and  large  intestines,  where  alworption  mainly 
takes  place,  the  ingesta,  and  also  witli  them  any  sputa  from  a  tuberculous  lung 
which  may  have  been  swallowetl,  remain  lying  for  a  loiif^  time.  The  sputa  from 
the  luug  are  <'onstantly  being  c^irried  over  the  surface  of  the  nmcous  membrane 
of  the  larynx,  and  often  remain  adlierent.  Ureters  and  bladder  are  (wnstantly 
washed  by  the  kidney  secretion.  To  these  factors  that  favor  a  secondary  infec- 
tion there  should  probably  alsvf  be  added  a  pivdisposition  of  certain  tissues. 

The  question  as  to  how  often  tuberculosis  is  trausujitted  by  tmn^fcr  of  the 
bacilli  from  tlie  Ttiotlier  to  the  child,  is  .ntill  (jpen.  Nevertheless,  acconling  t*»  the 
investigations  of  Schmfirl,  Bircli-Hirschfeld,  and  Tiandonzy,  in  regard  to  miliary 
tul>ercuh)su*  in  pregnant  women,  it  is  pmved  that  tubercle -I  >«cilli  occur  in  the 
spaces  lietween  the  \*illi  as  well  as  in  the  blood  of  chorionic  vessels,  and  that  the 
hver  of  the  foetus  may  also  contain  bacilh.  Furthermore,  cases  of  tuberculosis 
of  the  placenta  also  occnr  which  can  be  regar<led  as  stages  on  the  wav  of  tl»j 
tubercle-VjHcilluH  from  tlie  inntlier  1o  the  fniit  {Sehmi)rl,  Km'kel,  Luuffwitz). 

Cases  of  tidierciilosis  appearinjr  at  an  early  period  of  life,  reporteil  by  I>em- 
me,  Baumgarten,  Rillitt,  ('narrin,  and  others,  speak  in  favor  of  a  passage  of  the 
tuIjercle-bacilU  from  the  mother  to  the  fruit ;  so  do  also  the  statements  of  Amianni, 
Landouzy.  and  Martin,  that  the  inocuktion  of  portions  of  the  organs  of  human 
foetusea  obtained  from  tuberculous  mothers  produces  tuberculosis  m  guinea-pigs. 
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Bat  still  more  impoiiant  axe  the  exjierimental  investigatioiiB  which  de  Renzi 
and  Gartner  made ;  for  tliey  sncc^pdMi.  liy  innculation  of  Ihe  pregnant  female 
ill  guinea-pips,  white  uiice,and  raVibits,  in  pi-uducinp  tul)ercalo6iB  in  the  ofTsprinjr 
in  a  certain  number  of  cases,  and  consequently  Gartner  is  of  the  opiuion  that 
under  Huitahle  conditions  tubercle-bacilli  maypass  over  from  the  mother  to  the 
foetuM  ill  aiiimfll§  as  well  aa  in  liunian  beinp*.  Finally,  Maffucci  and  Baamg«.rten 
BUCceedHd  in  effecting  a  traiLsfer  of  tubercle-bacilli  t*i  innire^iateil  hen8'  egw, 
and  in  acctHnpliahinp  this  they  aKcert-aintnl  that  the  infection  did  not  disturb  the 
development  of  the  chicken,  but,  on  the  contrari*,  the  bacilli  that  were  taken  up 
by  the  cnihryo  remained  iu  the  titisue  of  the  latter  without  multiplnng:  to  any 
considerable  extent,  but  subsequently  caused  tuberculosis  in  the  body  of  the 
chick  after  it  was  hatched  ont^ 

The  experitnent«  cited  above  allow  tlie  ai«tuniption  that  thelwcilli  are  trans- 
ferred through  the  pUcenta  from  the  mother  to  the  fruit,  and  also  that  they 
raay  remain  for  a  long  time  in  the  body  of  the  embr>o  without  causing  any 
recognizable  changes.  Since,  manifi-wtiy,  conffenititl  tuborcidosis  in  human 
beings  is  extivmely  rare,  while,  on  the  other  hand,  tubirculosl^  in  Ihe  first  years 
of  life  is  frequent,  it  is  possil>le  that  in  human  bvings  als<»  the  inft»ction  Tiiay  re- 
main latent  for  a  lonp  timt?  aud  n()t  be  alwayx  recognized  by  auatomic4iI  exam- 
ination. Nevertheless,  it  must  be  kept  in  view,  acciprding  to  the  investigations 
which  have  thus  tar  been  maile,  that  tuberculosis  is  to  bo  referred  mostly  to 
extra*uterine  infection,  and  that  children  of  tuberculous  parents  become  so  often 
affected  with  tuberculosis  because,  on  the  one  hand,  thev  are  pre<Iisposed  to 
tubenniloKis.  and,  on  the  otiier,  they  are  mure  expow-d  to  tlie  infection  with  Ihe 
liacilli  than  are  the  children  of  henfthy  parents. 

In  auiinat»i  a  tninsference  of  tuberculosis  to  the  foetus  seems  occasionally  to 
occur,  according  to  the  stat-eraent  of  Zippelius.  Jessen^  Piitz,  Grothans,  Malvox, 
Lydtin,  Brou\'ier,  Adams,  and  others.  Johne  not  only  found  nodules  and  larger 
consoUdatcd  areas  in  the  lung  and  liver,  and  in  various  lymphatic  glands  of 
a  calf  foetus,  but  he  also  established  bi'youd  a  doubt  the  presence  of  the 
characteristic  bacilli. 

Some  of  the  Httpptiratwrui  that  occur  in  tuberculous  foci  are  to  be  attributed 
to  mired  or  secondary  iufectiwis  with  tlie  pus-cocci;  still  tuberculous  foci  may 
break  up  into  a  muss  which  resembles  ordinary  pus,  but  vet  does  not  contain 
well-preserved  pus-corpuscles;  instead,  there  are  fatty  ana  broken-up  culls  and 
granular-tissue  detritus— i.e.,  the  conditions  are  tliose  of  a  cold  abscess. 

Tnberculmis  of  cattle  is  a  prognwsively  spreading  production  of  nodules,  in 
which,  along  with  small  nodules,  larger  ones,  the  size  of  a  potato  and  even 
larger,  may  form.  They  are 
situated  especially  in  the  se- 
rous membranes  (Fig.  3tiO). 
where  the  process  is  callea 
the  pearUdutmse ;  then  they 
are  found  with  the  next  great- 
est frequency  in  the  Ijnnph- 
f lands,  the  lung,  the  liver,  the 
idneys,  etc.  In  the  serous 
membranes  the  nodules  often 
have  a  stem — i.e.,  are  pedun- 
culated. Along  with  casea- 
tion,calci(i('ation  occurs  strik- 
ingly often. 

The  nodules  of  tubercu- 
losis of  cattle  and  other  do- 
mestic mammalia  resemble 
precisely  in  structure  the  tu- 
bercles of  human  beings,  and^ 
as  Koch  detected  the  Iwu'ilb 
in  the  former,  the  assumption 

that  thev  are  identical  seems  Fin.  360.— Growths  from  the  pleura  in  a  case 

jn.stiflabie.  of  bovine  tiil>erculo«ti»  (pearl-disease). 
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Kxneritnento  to  det«rmine  the  question  of  tlie  identity  of  the  two  procewen 
by  feeaing  and  ino(!ulation,  with  a  view  to  the  iuMwibility  of  transferrinp  the 
pearl-disease  by  feeding  with  luilk  or  tissues  of  an  affected  animal,  have  ^ven 
various  results.  Gerlaeh,  Ortli.  Bollinger.  Klebs,  Chauveau,  Baumgarten^  and 
others  consider  ttiat  a  truiiitfLT  occiirs ;  Utiulher.  ilarin».  MiUk-r.  (.'oliu.  Virohow, 
and  Piitz  regard  this  as^mmption  as  not  proved.  The  la^t-named  is  of  the 
opinion  that  neither  the  (lausal  connection  between  tuben':ulosi8  of  man  and 
that  of  animals,  nor  the  identity  of  the  two  processes,  is  proved. 

Accortling  to  Maffucci,  Rivolta,  Straus,  and  Gamalela,  tuberculosis  of 
birds  is  not  caused  by  the  sauie  bacilli  as  tuberculosis  of  nian  or  other  niam- 
Tiialia.  Cultures  of  the  tuberculosis  of  man  are  dry,  wai-ty  or  scaly,  and  lustre- 
less ;  those  of  bird- tuberculosis  are  moist,  folded,  and  soft,  and  can  grow  even  at 
a  temperature  vf  43^  C.  Dogs  are  entirely  immuae  from  bird-tuberculoBii*,  but 
not  from  tuberculosis  of  man.  lu  guint-a-pigs  and  rabbits,  bird-lubcrculosiB 
does  not  affect  tlie  internal  orgfius  on  inoculation,  ('hiekons  have  immunity 
from  tuberculosis  of  manmialia  ilMaffucei).  It  is  still  an  open  ciuestion  whether 
man  is  fiuftl^eptible  to  bini-tub**r-(MiIt»sii?. 

According  to  MalasM-z.  Pi'eiffer,  Eberth,  Roger,  (irancher,  Zagari,  and 
others,  a  disease  very  like  tuberculosis  occurs  in  guinea-pigs,  rabbits,  lambs, 
and  horses,  which  is  also  characterized  by  the  production  of  caseous  nodules 
and  is  caused  by  r  pleomorphic  bacillus  that  foniis  zo^Jgla-a.  The  affection  may 
be  called  psfudotiihcrcuioais  (Kbcrth,  Pfeiffer).  Malassez  and  Vignal  call  it  htber' 
culose  £ow)Uique. 

§  184.  At  pi'esent  a  Imcilbis  fuiiinl  liy  Tju.stgarten  in  syphilitic  dis- 
eased foci  is  culled  the  bacillus  of  syphilis,  aud  it  is  possible  that  it  has 
pathogenic  siguiiicauee  and  represents  the  eontaginm  of  syphilis.  In 
favor  of  this,  however,  it  ran  only  be  said  that  llie  bacilli  have  l>oon 
found  ill  various  Kvpliililii.'  foci  in  all  ntugcs  (Doutrelepont,  Matterstock) ; 
but  it  has  not  as  yet  been  possible  to  ('idti\'ate  these  bacilli. 

The  bacillus  resembles  the  tiibi-n-h-bacilhis,  is  3  to  7  /*  long,  often 
bent,  aud  somewhat  swollen  at  t!ie  ends.  Accoitling  to  Lustgarteu.  it 
may  be  made  visible  by  a  eumi)lioatcd  staining  process,  consisting  in 
coloring  the  sections  with  anibne  gentian-violet  sohition.  then  decolorizing 
them  in  ittTmanganate  tif  poUs-sium,  and  washing  them  out  in  HulphuruuH 
acid.     Jlnre  recent  authors  Jiave  published  other  methods. 

The  bacilli  are  found  in  sj-pbilitic  foci  of  disease  always  in  limited 
numbei-s  only.  Tbey  lie  nKtstly  in  the  cells  {from  one  to  four  in  a  single 
'•ell)  (Lustgarteu),  but  also  to  some  extent  bi^tween  the  cells,  and  may  also 
at  times  appear  in  the  blmwl  (Doutreh'iHUit).  Tlie  Lustgarten  bacilli,  at 
the  jircsciit  time,  can  hardly  be  used  for  differential  diagnosis,  since  other 
bacilli,  described  as  snu'gnia-bacilli.  t'oinid  in  the  secretion  fnun  the  pre- 

{juce  and  in  the  smegma  between  the  labia  nmjora  and  labia  minora,  staiu 
>y  the  method  descrilMMl  by  Lustgarten  {MaMerst/wk,  Alvarez,  Tavel). 
According,  however,  to  Dimtrelepont,  Kl^^raperer,  and  Lewy,  it  is  possible 
to  distinginsh  these  from  one  another  by  proper  stAining  mcthodn — i.e., 
by  carboMc-iii'id  furbsiin. 

The  poison  which  on  inoculation  pnxluces  syphilis  oocurs  only  in  the 
human  organism,  where  it  is  alone  reproduced.  It  is  communicated  to 
other  individuals  only  by  direct  or  indii'ect  transfer.  When  incH-ulnted 
iuto  an  organism  it  causes  inflammatory  pnxresses  of  the  most  varied 
intensity  and  extent — from  a  siniph-,  local,  transitory'  h\-pem»mia  to  the 
production  of  large  exudates  or  tumor-like  graunlatious  or  extensive 
couuectiv*^tissne  hyperjjlasias.  If  a  child  is  begotten  in  the  presence  of 
syphilitic  infection  the  disease  may  be  transmitted  to  the  ehild  by  the 
fatluM*  as  well  as  bv  the  mother. 
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If  the  primary  focus  of  inflammation  is  formed  at  the  point  of  infec- 
tion there  is  first  a  papule,  which  spreads  over  the  surface  and  forms 
scales  in  eight  or  ten  days  after  its  appearance.  But  it  may  ulcerate  and 
give  rise  to  the  secretion  of  a  serous  or  pm*ulent  fluid  which  dries  to  a  scab. 
Simultaneously  the  bottom  becomes  indurated  and  produces  a  thick  disk- 
like  deposit  in.  the  skin  or  a  thin  parchment-like  thickening.  Occasion- 
ally there  is  at  first  a  vesicle  that  becomes  eroded,  and  then  an  ulcer  that 
throws  off  but  little  exudate,  but  which  is  indurated  at  the  bottom.  In 
still  other  cases  there  exists  first  an  ulcer,  and  the  bottom  becomes  indu- 
rated subsequently. 

The  induration  is  called  the  initial  scleroslSt  or  Hunter's  induration. 
The  ulcer  is  called  a  hard  chancre.  The  induration  is  caused  mainly  by 
an  accumulation  of  small  round  cells  (Fig.  361,  a)  in  the  interstices  of  the 
connective  tissue.  Occasionally  ^thelioid  cells  are  formed  [b)  and  isolated 
giant  cells  (c).  When  this  takes  place  the  summit  of  development  is 
reached;  then  the  greater  part  of 
the  tissue  disintegrates  and  ulcer- 
ates or  becomes  al^rbed.  Some  of 
the  cells  are  used  in  the  formation 
of  scar-tissue. 


Fio.  361. — Section  from  a  syphilitic 
initial  necrosis,  a,  Bonnd-ceU  infiltra- 
tion ;  b,  Lai^  mononnnlear  connective- 
tissue  cells ;  e,  Polvnaclear  cells.  (Prep- 
aration hiurdened  in  alcohol,  stained 
with  alum  carmine,  and  mounted  in 
Canada  balsam.  Magnified  350  dia- 
meters.) 
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Following  upon  the  initial  sclerosis,  after  a  certain  time,  are  inflam- 
mations of  die  lymphatic  glands,  of  the  skin,  and  of  the  mucous  mem- 
branes ;  these  are  secondary  symptoms.  Still  later,  there  follow  syphilitic 
inflammations  of  the  intestines  and  of  the  bones ;  these  are  tertiary  forms 
of  the  disease.  These  forms  sometimes  resemble  other  non-syphUitic  in- 
flammations, and  sometimes  special  forms  of  granulation  are  produced. 
Syphilitic  affections  of  the  skin  embraced  under  the  term  syphilideSj  form 
sometimes  only  red  blotches,  sometimes  small  or  large  papillary  excres- 
cences, which  may  become  associated  with  the  formation  of  vesicles  and 
pustules  as  well  as  with  the  formation  of  scales.  Accordingly  the  vari- 
ous cutaneous  syphilides  have  been  called  by  different  names,  some  of 
which  are  the  following :  roseola  syphilitica^  papular,  vesicularj  and  pus- 
tular syphilidesj  and  psoriasis  syphilitica  (cf .  The  Pathological  Anatomy  of 
the  Skin).  A  common  element  in  all  of  these  affections  is  a  more  or  less 
high  degree  of  inflammation,  which  is  characterized  by  an  infiltration  of 
the  tissues,  partly,  also,  by  hyperplasia.  In  pustular  syphilides  the  in- 
flammation leads  to  pui-nlent  melting  of  the  epithelium,  and  also,  often, 
of  the  papillary  body,  so  that  ulcers  result.  These  supei-fieial  affections 
reach  the  highest  development  in  the  large  papulous  syphilide,  or  the  cott- 
dyhma  latum  (Fig.  362),  which  forms,  in  the  skin  and  mucous  membranes, 
prominences  flattened  on  top. 

The  change  in  the  corium  consists  in  extensive  swelling,  due  to  infil- 
tration of  the  superficial  layers,  especially  of  the  papillary  body,  with  cells 
and  fluid  exudates.     The  cutis  appears  to  be  converted  iuto  a  somewhat 
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loose,  gelatinous  tissue  rich  in  round  cell*  and  permeated  wiUi  fluid  {Fig, 
362, 1  and  k).  I'suaUy  the  granulation  tis.sue  t'tirnied  is  not  fully  devcl- 
oi)ed,  for  the  organization  of  the  eeliulai*  material  is  lackiii|k'.  na  well  a^  the 
necessary  new  formation  of  vess^'I^.     It  is  only  in  eoudylomata  of  tlio 
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Fig.  362. — Condyloma  latum  ani.  a,  Horny  laver;  b,  Mucous  layer  t»f  the 
epidermis;  c,  Cnrinm;  */,  Loosenod  homy  layer  tnnltrated  with  Kinall  celb*:  e. 
Swollen  mucous  layer;  f.  Swollen  and  iuflltrnted  mucous  layer;  g,  Kpithelial 
cells  with  round  cells  inside :  A,  ConKulaf  ed  f^ranular  masses ;  i,  Swollen  papillary 
body  iiililtnit^Ml  with  cells  and  fluid;  Jt,  <'orium  inftltriittid  with  cells,  fluid,  and 
coairulated  allmmiri;  (,  Widened  lympb-vessel  ftllt'd  with  coagxdum;  m,  Sweat- 
plan<l,  (Prejiarntion  hardened  in  alcohol,  colored  with  Bismarck  brown,  and 
mounted  in  Canada  balsam.     Magnifled  150  diameters.) 


mucous  membranes  that  the  tissue  becomes  like  gramdation  tissue  by  ita 
nehness  in  cells.  The  epithelium  is  swollen  and  tury^d,  and  pei'meat^i 
by  fluid  and  cellular  exudate  (Fig.  3*)2,  rf,  cf,  g), 

vSyphiiitic  lesions  that  appear  in  internal  organs,  in  lymphatic  glaude^ 
in  bones,  in  muM-les,  in  ftubcutatietius  and  subinueous  e^mnective  tissue,  in 
the  menibraupK  of  the  bniin.etc.,  coustitute  formations  that  are  usually 
designated  as  gummata  (Vmdiow),  except  where  they  consist  merely  <»f 
a  li^it  fpriuie  of  a  defreuerative  or  ati  inflatiunatory  chaugre,  without  char- 
acteristic features.  In  its  earlier  stajres  a  gumma,  as  well  as  the  broad 
condyloma,  consists  of  an  inflammation  coutined  to  one  kiud  of  tissue. 
But  usually  the  fnnnma  is  richer  in  relU  an^l  attains  a  hieher  degree  of 
development,  as  shown  by  the  fact  that  a  peculiar  ^auidation  tissue  witli 
new  blood-vessels  iFitr.  363)  is  formed.  The  (cumraa  iiceurs  especially 
in  the  periosteum,  in  the  membranf  s  of  the  brain,  as  well  as  in  the  paren- 
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t'hjTuatous  orgaus  of  thy  abdunieu,  espt?riiiUy  iu  tlie  liver,  thu  gpleeot  and 
the  testicle,  and  shows  n,  tUfferencc  in  the  abuuduuce  of  cells  aceordiujr  to 
loeation.  Tlie  fofiilH  whii-h  Ijave  a pHucity  of  rdlSjUnd  wliieh  are  rnostoflen 
ohservT'd  iu  the  hnnes.  liavt*  u  soft  i'onsii*tenc'e  and  prewiut  a  gelatinous 
appearance  on  section,  owing  to  the  fa^-t  that  thr*  WuUl  portion  of  the  node 
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Fio.  363.- 


■Meninp»-eiicej)h<iiitis  sytihihtR'u  piiiiiiiw>sji. 
Pia  mater;  c,  A  vein  stirrounded  bv  eollular  exudate 


n,  liniiii  cortex  ;  6, 
d,  Fresh  cellular  (rrauu- 
lation  tissue:  rfi,  Kibro-iM-llular  praimlati<m  Hs-suc ;  t/^,  I'aseated  granulation 
iisHut';  t'f  Arlory  witli  niui*ti  th'xTktMUfd  iiidtna  and  ailventilia  iiifillrated.  with 
colli*;  /,  t'ellular  inlillratiun  <>f  tlie  pia-slientli  "f  the  cortical  vessels;  /i. "Peri- 
vascular cellular  inliltration  of  the,  cortical  suhstance;  ff,  Diifuflely  Bi)rea(Ung' 
cellular  intUtration  invHilinji-  the  braiu-cortex.  (Preparation  hanlened  in 
Miiller^fi  tlnid  and  alcohol,  colored  with  alum  carmine,  and  mouut«d  in  Canada 
balsam.    Magnitied  15  diameters.) 


is  iu  excess  of  the  eellnhir  mass.  The  tisstie  also  undergoes  a  i>artial  meta- 
morphosis into  mucous  tissue.  Forms  rich  in  cells  nre  met  with  espe- 
cially in  the  soft  niembraues  of  tlie  brain  [Fig.  363),  iu  the  subumeosa  of 
various  mucous  membranes,  iu  the  liver,  iu  the  testi<!le.  and  in  the  spleen. 
Tliey  form  gi'ay  or  grayish-wliit<i  nr  gi-ayisli-reiJ  foci,  sDnirtiines  spliericji!, 
as  iu  the  spleen  and  testicle,  sonietuncs  more  irregulurJy  shaped,  as  iu 
the  soft  membranes  of  the  brain;  and  in  their  light-gray  or  ivddish-jiicr'iy 
color,  and  somewhat  transparent  texture,  they  resemble  healthy  fjrmtuhi- 
Horn,  Often.  Ijesides  these  lesious,  diffuse  iuHanimatorj'  changes  arc  also 
present  in  the  affected  organs. 

Snuill  foci  of  syphilitic  infiltration  quite  often  disappear  quickly  by 
absorption.  In  larger  fiMU  frequently  suppuratitui  or  fatty  and  necrotic 
disintegration  takes  place,  ni.siutcgratiou  of  Bvphilitic  foci  of  the  skin 
and  of  the  subcutaneous  connective  tissue,  as  well  as  of  tlie  mucosa  and 
Rulimueosa,  lea<ls  to  the  formation  of  ulcers,  which,  when  a  mucous  mem- 
brane is  the  part  affected^  occur  most  fi-equently  iu  the  region  of  the  mouth, 
throat,  and  u]>pcr  air-passages  (Fig.  365.  a).  In  the  interior  of  deeper- 
lying  gumina-nodulea  caseous  foci  ai'e  not  infrequently  formed  (Fig.  363, 
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Fig,  364.— Gumma  of  the  Uver.  a.  Caseous  nodule;  b,  Homoirt'iifOtiB  counw- 
tJTC  tisBun;  c,  Copneetive  tissuo  with  reiunimt«  of  Uv*!r-ti**suf ;  rf,  Conuwtivo- 
tissue  hand»  mdiirliii^  into  thy  liier- tissue;  <r,  Cellular  foci  at  the  edge  of  tho 
caneous  iknIiiI^  :  /,  Ci'lhilar  fix'i  within  the  eonnwtive-tissue  rays ;  /;,  Liv(<r-tia*U9. 
(Preparation  liardened  in  alcohol,  colored  with  alum  carmine,  and  mount«diii 
Canada  Imlsani.     Muipiifled  12  diameters.) 


il'i,  and  Fig.  364,  n).  Tliese  aiv  somotimes  refnilarly  wpherical,  fiom^tiinefl 
iiTegularly  sluijK'd.  Tlie  i>eri|diefftl  portions  nieritce  into  ralloiis  conneP- 
tivu  tissue  (Fijj.  3G2,  b,  r,  '/)  winch  incU^ses  the  eawfius  musses  and  nidi- 
at-es  iu  bauds  into  the  suiToniiding  tissue.  Papilliny  growth)*  (Fig.  HG5, 
A,  r)  not  infrequently  nre  fonned  iu  the  neifrhlM>rliood  of  tho  ulcers  of  Ibo 
niu('<M)s  Tiie?nbnuie. 

Noemtie  ivmttiiis  of  ^uninni-nodiiles  which  originally  were  eellulur 
eome  under  anatoniieid  exaniinution  far  more  frequently  tliau  tlmse 
which  are  wlill  |MTfe<M  ;  and  yet  in  this  changed  condition  they  an*  stil! 
oominonly  designated  as  {^imiina-nodules.  Not  only  t)ie  (*el]uiar  h\*iKT- 
plnsia,  btit  also  the  infiltrated  tissue  itself,  is  often  involvetl  in  tbew 
neerotio  changes. 

Tho  n'asiui  why  sy^diilitie  inflamuiatioii  oftvu  restdtii  iu  disintegm- 
tion  of  tissue  and  neerosis  lies  primanly  in  the  character  of  the  acent 
tliftt  pro<]iH>es  \h(\  disease.  Still  a  second  eirennistanee  is  ivspoTisible  for 
tins  .nanner  uf  termination— namely,  the  extensive  iwrticipation  of  the 
hkK>d-vessels,  especially  uf  the  arteries,  in  tlie  itiflaniniatiou.  Where  a 
syphilitic  iuflaniuuitton  lemls  to  a  formation  of  trfanulations  or  to  a  eon- 
neetive-tissue  hj'perplasia  the  ves.sel-walls  al.M)  becoitie  thickened,  esjje- 
eiolly  the  intima  (Fig.  .303,  r),  so  that  \\\q  lumen  of  the  vessel  l>eeoniMs 
iiatTowed  and  not  infrequently  even  totally  closed.  Oocasionally  the 
syphilitic  pnwess  is  largely  localized  in  the  vessels. 

Hereditary  syphilis  is  characterized  mostly  by  peculiar  tissue 
changes  which  diftVr  not  inconsiderably   from  the  niamt'estAliouft  of 


PATHOOEKIC  BACILLI. — SYPHILIS. 


497 


acquired  syphilis ;  but  still  changes  also  occur  which  a^ree  with  the  latter. 
In  the  skin  it  causes  maculose  as  well  as  papular  and  pustular  S3rpliilide8, 
which  may  lead  to  ulcerations.  The 
spleen  is  usually  more^or  less  enlarged, 
and  in  individual  cases  may  attain  ten 
times  its  normal  volume.  In  the  liver 
intra-  as  well  as  perivascular  a^rega- 
tions  of  round  c«lls  are  formed,  and 
these  often  ^oup  themselves  in  small, 
thick  f  ocL  There  are  also  cases  where 
there  is  a  diffuse,  wide-spread  hyper- 
plasia of  the  connective  tissue,  which 
lends  a  solid  character  and  a  peculiar 
brownish-yellow  color  to  the  liver. 
Moreover,  in  some  cases  there  is  a  con- 
nective-tissue hyperplasia  confined  to 
the  periportal  tissue.  The  lung  may 
present,  throughout  its  substance   or 

Fio.  3G5. — Extensive  svphilitio  ulcera- 
tion of  the  larynx.  Sagittal  section  through 
the  laiynz  and  trachea.  a,Ulcer:  b,  ThicK- 
euing  and  papillary  growth  on  tne  epiglot- 
tiB;  c,  Thickening  and  papillary  growths 
of  the  left  wall  of  the  larynx  and  of  the 
supe^or  th>TO-arytenoid  hgament.  (Nat- 
ural size.) 

only  in  places,  a  thick  gray  or  grayish-white  character  resembling  sarco- 
matous tissue.  This  appearance  in  the  altered  area  is  due  to  the  presence 
of  connective  tissue  rich  in  cells  (Fig.  366,  a,  b),  containing  only  imper- 
fectly developed  alveoli  (*»,  fi)  and  bronchi  (rf,  rfi),  or  none  at  all.     In  dis- 


FlO.  36C.— Changes  in  the  lung  in  eonsrenital  s^-phihs,  a,  Hyperplastic 
stroma  rich  in  cells;  6,  Foci  of  granulations  rich  in  cells:  c,  Arteries  with  thick- 
ened adventitia;  d,  di,  Gland-like  l>ronchi,  some  of  wMcn  contain  desquamated 
epithelimn  and  round  cells ;  «,  d,  Alveoli,  some  of  which,  cj,  contain  desquamated 
epithelium  and  round  cells.  (Preparation  hardened  in  Miiller's  fluid,  colored 
with  luematoxylin  and  eosin,  and  mounted  in  Canada  balsam.  Magnified  40 
diameters.) 
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eaae  of  liniitiHl  rximt  ihciv  exists  only  a  l!ii<*k('iiiii^'^  id'  (he  |n.'nln'uni_*hiiil 
hikI  iMTivasinilar  tissue  iiimI  of  the  inlerwIviMtl.ii'  srplB,  in  part  as8n<-iat«H3 
with  an  acnimulatifm  of  descjunnmtiHl  t'jKthrliiil  cfUs  in  thf  aJveoli.  In 
till'  kidnoys  ami  tcsfiflrs  the  (MHiiit'ctiw  tissijr  may  also  hv  inereiisetl  in 
|)lar(*s  uikI  I'lKinnoitHly  r'wh  in  (vlls.  Syi»hJlis  Ilius  often  caiisi's  in  glan- 
<iuhir  iir^rans  a  jtrffhiffofjifuif  (ffti'lojmient  of  tin  rofi/f*cfirc-fi,vme  eltMeiitu, 
whilf  the  epitlulinl  tissui-  rrmains  Kttiimi  in  its  tirvclopment.  In  tlie 
Mood  ihe  niimfMT  orrolurlcs-s  r-oi-jiusclt's  often  seems  increase*]  (Stroel>e), 
Finally,  in  the  hones,  not  infrei|iien1Iy  <iistuiht)nit.s  in  tUr  entU»hotuUtil 
ossification  oeeiir  —  (tistnrlinnees  Mliinli  are  eharaetoi-ized  mainly  Iiv  irreg- 
nlarities  in  tht*  fonnation  of  tht'  mtnlnllarv  eavity.  ami  in  the  detHisition 
of  lime-salts  in  the  eartilajcre.  and  wliieh  lend  to  disturhnnces  in  thi?  stru<v 
tntv  of  the  sjion^ry  sul»*hondrai  hone-sidjstanee.  By  the  formation  of 
hypeqtUtstie  ^ranul)iti(Uis  wliifli  nudergo  ea^euus  dei^ent^ratiou,  larger 
defects  may  r((*eur  in  the  hone-t  issue. 

S^'philix  can  bo  tniusferred  to  the  foetuu  aa  well  by  the  spenu  as  by  the 
ovum.  The  trariiKniiHsiou  fvoui  the  father'n  side  is*  the  uiotst  iisual.  After  con- 
ception, a  transfer  of  syphilis  from  the  mother  to  the  ftetua  may  tjike  nlaee. 
Most  frec[ueTitly  tha  tniusfer  of  syphilis  oecurs  in  the  secoudary  utajje.  If  in- 
fection and  coiK'Option  o<'eur  simultaneously,  the  intensity  of  the  disease  in  the 
ebiUl  is  (greatest;  but,  nevertheless,  even  freshly  infected  parents  may  produce 
healthy  ehihlren  ^N'Munmnn).  The  syphilis  that  is  transferred  V>y  the  mother 
duririf;:  the  firsi  niontha  of  pregiiBncy  kills  the  child.  In  the  Inter  months  of 
pre^atioy,  syphdif?,  as  a  rule,  is  not  transferred  1t»  the  child  (Neumann). 

Mothers  that  beAr  chiMi-ea  whicli  have  bfen  infected  with  sj^jhilis  by  the 
father  may  themselves  remain  healthy.  It  appears,  therefore,  that  a  certAin 
immunity  from  sj'philis  doep  occur. 

§  185.  The  Bacillus  lepr«  was  first  desi'ribe4]  by  Annaner  Hansen  in 
1880.  It  is  a  snmll,  slender  )>aeilhis,  from  4  1o  ti  f/  hmg.  It  is  ivjraitled  us 
the  e»nse  of  leprosy — n,lsi(  called  tUftftuutiitsis  tirftrontm.  It  is  fonnd  con- 
stantly nnd  ill  larire  nnni)>ers  in  the  niorbidlv  alteivd  tissues  (Fi^s.  'M'u, 
'Sm,  and  :f(i£t). 

The  foei  of  disease  in  leprosy  are  ehai-actemed  in  jyreneral  by  a  h;y'j>er- 
phwift  consist in)j  of  cells  (tf  different  size,  and  of  rt))rotis stroma  (Fi jr.  ;^67). 
The  bacilli  lie  partly  between  (*■).  partly  in  the  cells  (r,  ^Oi^nd  accnniiJate 


Fig.  3fi7. 


Fig.36U. 


Fw.  3B7,— Ti.isue  from  a  leprosy-nodule,  n,  Cellular  fibrous  tissue;  b,  Bound 
ceUa ;  r,  ft,  Medium-  and  verj'  lar^e-sized  cells  filled  with  bacilli ;  e.  Free  baoilU. 
(Preparation  treated  with  fuchsin  and  methylene  blue.  Magnified  200  diame- 
ters.) 

Fig.  369.— Two  giant  cells  with  vacuoles  containing  bacilli,  from  a  leprous 
growth  of  the  skiu  of  tlie  nose.  {Hartlenctl  in  ahMthol.  stained  by  Gab}>et'9 
metliod,  and  mounted  in  Canada  balsam.      Magnified  400  tliameters.) 
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usually  to  a  large  extent  iu  tlie  liitter.  The  cells,  in  noiisecjiipnee,  swiUl 
puornioimly  (rf),  ami  change  iiit<p  giant  eellsi  of  one  m-  naoit*  inielei  (Fig. 
368).  The  giaut  cells  oecawioually  iuelost  large  viuuioles  which  contain 
large  nmnbei*s  of  Iwicilli,  as  well  as  granular,  thi-eady  detritus  ut'  the  li<jue- 
fied  protoplasm.  Tlie  nuclfi  are  presei-wd  for  a  eerhun  time,  and  are 
shoved  over  to  the  periphrTT  by  the  viUMioles  containing  tin-  bacilli. 
Later  on,  they  too  ai-e  destnsyed,  sn  that  the  entire  cell  then  Itefiomes  a 
vesicle  containing  the  bacilli  (Fig.  :iG7,  il).  Hfmie  wt'  tbe  cellii  in  which 
the  bacilli  lie  ai'c  tissue-cells  which  were  pretieut  before  tbe  invat$ion, 
while  othei-M  ai-e  newly  formed  ceUn. 
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Fio.  369. — Swtion  thmnph  n  lepnrtis  nkin-nodul*'.  «,  Epidennis;  ^,  Cnriura; 
c,  Hair-fulbfle:  ti,  Ijeprous  fo<'i  in  ihi*  tissue  snrroundinjf  the  hair-follieles; 
f.  Ihict  of  a  sweat-gland;  /,  Lt^prouH  foci  in  the  neighborhood  of  *■:  ti^  Leproas 
foci  Hronnd  the  sweat-plands ;  h.  Leprosy -nodules  in  which  no  speeial  connection 
with  any  elements  of  the  ftklu  can  be  recognized;  *.  Foci  of  baeiUi.  (l*repara- 
tion  hardened  iu  alcohol,  treated  ^nth  fnclisin  and  methylene  hlue,  and  mounted 
in  Canada  balsam.     Magnified  'JQ  diameters.) 


The  biwiUi  are  surrounded  by  a  slimy  envelope  (Xeisser).  aud  beliave 
t4»ward  color  in  g-matter.s  in  much  tlu^  siinie  manner  as  do  the  tnlwrcle- 
bnrilli.  Consetiuently  the  same  pi"oeednre  can  be  used  for  staining  the 
former  as  the  latter.  In  order  t4>  make  theui  di«tiuctiv  visible  iu  tissues, 
and  at  the  same  time  to  enable  the  obnerver  to  recognize  tlie  stnictnrf*  of 
the  diw*ased  tissne,  tbe  best  plan  is  to  stain  the  sections  in  a  solution  of 
fnchsin  in  aniline  water,  and,  after  deirolorization  in  acid,  to  ti-eat  them 
witb  methylene  blue  (Figs.  3fift  and  369).  The  stained  bneilli  often  show 
clear  spots,  or  appeiu*  as  if  made  up  of  stained  granules. 
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Ac<?ordin^  to  Bor<l<nu-l'ffrL'<luzzi  and  Neis8er,the  bacilli  may  bp  culti- 
vated upon  i>eptime-^lyt'eriu-blood-seruiu.  upon  gelatin izt'tl  biood-sernni, 
liiid  up<in  boiknl  e^gs.  They  ^itw  out  to  tlircads  of  four  times  tlie  orijif- 
inal  it^iigtli,  and  are  often  swollen  into  elub  abujie  on  the  ends.  It  is 
still  a  contested  point  whetiier  the  biieilH  form  npon^s. 

Inoculations  of  animals  have  as  yet  not  civen  certainly  poRitive  resn]t«. 
It  is  true  that  it  is  rhiiuied  tliat  the  bw.'ifii  can  multiply  at  tlie  seat  of 
inoculation,  and  that  a  inT>erpIasia  may  take  place  in  rabbits  (Damsch, 
Vossius) ;  still  a  di.sca.se  pivicf as  exteu<iin^  over  large  arcjis  of  the  bi.>dy 
is  not  obtaiiu'd.  Srhottcliiis  and  Biiumlcr  obtained  no  positive  resultK 
by  intioTdatinf;  apes  with  freshly  cxrised  pier-cs  of  lei)rous  skin  rublxHl 
up  so  as  to  form  an  emiilsinn  in  wann  buuilkm  an<l  warm  bhwHi-semm. 
According:  to  Campana  and  Wesencr,  the  bacilli  in  tlie  pieces  that  are 
inoculated  are  carried  off  by  the  wan<lennp  cells,  but  they  cause  no 
Bpcciflc  infection  and  d*)  not  multiply. 

It  is  still  a  disputed  matter  whether  the  infection  in  man  takes  place  by- 
mediate  or  by  imnii'd;at«^  transference  from  individual  to  individual  fXeis- 
aer),  or  whether  the  bacilli  develop  as  a  miasm  imlsuh'  the  hody  (Hirsch). 
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Fm.  370.— Leontiasis  lepr<isu.     (AlUr  G.  Miinph.) 


In  regard  to  iuheritanct'.  authors  aiv  also  of  different  opinions.  HiitH-li 
holds  that  inheritance  is  certain:  Xcisscr  and  Hanseru  on  the  coutrary. 
declare  it  to  be  \'(^ry  improbable.  The  pn'sumption  is  that  after  the 
entrance  of  the  bjicilJi  into  the  body  a  lonir  time  elapses  Viefore  the  first 
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syniptwnife  appear.     lu  sprendiii^  in  the  body  they  make  use  maiiily  of 

tiu*  lyinph-ciiniinclK;  they  luiiy,  hi>wover,  get  into  the  blood. 

The  skin  and  the  peripltnrHl  iirrveK  are  mainly  concerned  iu  the  dis- 
ease-, still  the  bueitli  eau  uinltiply  in  other  tissues — e.g.,  iu  the  testicles, 
in  the  liver,  in  the  ganglia,  and  in  the  sph'eii — and  fonn  foci  uf  disea.se. 

At  the  point  of  eolouization  the  bacilli  excite  inHaniniation  and  hyper- 
plasia. Granulation  tissue  containing  bIoo<l-ve8sels  is  formed,  and  re- 
triains  for  a  long  time  in  a  condition  which  is  characterized  by  an  abnn- 
danrt'  of  ci'Ils.  This  forms  the  bjvsis  for  nodiih-s  and  tiuiiors  iu  the  skin 
and  for  spiiidK'-shaped  thickening  <>f  the  nerves,  and  is  the  cause  of  the 
irritation  and  eventually  of  the  de;renerntit»n  and  (Icstnietion  of  nei-ve- 
ftlamcnts.  The  bacilli,  an4l  the  hyperplasia  id' t he  1  issues  caused  by  thera, 
group  themselves  by  pi-eferenee  around  the  hair-follicles  (Fig.  369,  d)  and 
the  (bjcts  ( /)  ami  coils  ((■/)  of  rlu'  sweat  ghinds  ;  but  this  connection  is  luit 
iilways  to  be  made  out  in  all  of  the  hyi>ert)lnstic  fuci  {h).  The  biieiUi  nuiy 
furthermore  penetnite  into  the  bh)od-vessels.  tlie  huir-follieles,  and  the 
sweat-glands  (ToutoTi)i  and  thcniTC  come  to  tlie  surface.  In  the  nervftus 
Bystem  they  arc  fonnd  in  the  eouncctive  tissue  im  well  as  iu  the  nerve- 
elements  themselves,  espcciailv  in  the  gnuglion-eells  (Sudakewitsch).  The 
cells  occupied  f>y  tlu-m  undi-rgo,  in  time.  degenerHtiou,  occasionally  with 
hydropic  swelliug  and  the  furnmlion  of  vacuoles  (Fig,  3Ij8). 

The  h}-j)eri)hisia  caused  by  the  gi'owth  of  tho  ba<'illi  nmy  lUniost  dis- 
appear by  disintegration  and  absorption  of  the  cells  after  the  condition 
has  existed  for  years;  but  there  alwuvs  rernHin  indurntion  aud  pignii-nla- 
tion  of  the  skin.     Caseation  never  ta^es  plm*c. 

}^proi<tf  of  the  skin  ap]>ear8  especially  iu  the  face,  on  the  extensor  sur- 
face of  the  knees  and  of  the  elbows,  and  on  the  posterior  8urfa<'e  of  the 
hands  and  feet.  It  begins  by  the  f(»rniation  of  i*ed  spots,  that  either  dis- 
appear, leaving  jugniented  spots  l>eliinti.  ar  Itceonie  elevated  into  nmlulcs 
of  brown-red  color — lepra  iuherosa  sive  Utbtrculosa  sive  uodomt.     \n  the 


FlQ.  371. — Lepra  ana^sthetiai  ulcerosa  of  the  lower  extreiuity  and   foot. 
(After  G.  Mftnch.) 


region  of  the  red  spots  the  tissue  contains  large  numbers  ot  bacilli 
PhilippHon),  which  for  the  most  part  lie  within  the  vessels,  and  alreiidy 
at  this  stage  the  tissuc-hypeiijlasiu  can  lie  detected.  According  to  inves- 
tigations of  Miiller,  the  vesicular  eruptions  tliat  occur  in  l"pi'osj%  and 
were  formerly  regarded  as  a  sequel  of  a  leprous  disease  of  the  ner\-e8, 
are  caused  by  the  presence  of  bacilli 

The  nodules  remain  for  months  unaltered,  or  they  inereaw  in  size  and 
become  fused  together  into  a  single  mass,  so  that  very  large  tuumrs  ivsult, 
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FlQ.  372. — Lepra  ana-sthetica  mutilans, 
•ulcers  in  the  hand.    (After  G.  Miinch.) 


Partial  tlestruction  of  the  fingers; 


"which  have  led  to  the  Q&mt  fucies  leontina  {Fig.  370)  being  given  to  the 
distorted  face. 

Tht^  foj-uiation  of  ulcers  which  show  uo  disposition  to  heal  may  rentilt 
from  ejcivnial  inflHences.  New  uodules  appear  owiisioDally,  fttllowiiig  an 
erysipeltw-Iikt^  rtfddening  and  swelling  of  the  fikin.  The  glands  of  the 
submaxillary  and  of  the  inguinal  n-gion  swell  to  verj'  larg*-  nodides. 

Lfpvosy  of  the  nerves  {lepra  nervomm  sive  anefstlntim}  leads  first  to 
IjypertEStlaesia  and  pain,  later  to  aniesthesia,  more  seldom  to  motor  paraly- 
Bis  in  the  i-egion  of  tlic  affected  nc^rves.  Tho  furUier  consequences  <»f  the 
di-sease  of  the  nerves  are  disturbances  that  show  themselves  in  the  skin  in 
the  form  fif  white  and  brown  spots  (i.e.,  lepra  nutmlosfi,  tnorphmi  nif/ra  rt 
itUHt)^  and  in  tlie  Injnes  and  muscles  by  atrophy.  Since  those  suffering 
from  the  disejiw  frequently  injure  themselves  after  the  appearanee  of 
ana'sthesia^  ulcers  arc  often  formed  which  cause  deep  erosions  and  may 
lead  to  tlie  loss  of  entire  phalanges  [lepra  mutilans)  (Figs.  371  and  372). 

Leprosy  of  the  skin  and  leprosy  of  the  nerves  occur  usually  in  com- 
bination, seldom  separately.  Along  with  the  skin  and  the  nerves,  the 
central  nervous  system,  the  mncous  membranes,  the  cornea,  the  carti- 
lage, the  liver,  the  spleeD(Virchow),  the  lymphatic  glands,  and  the  testi- 
cles may  all  become  affected. 

In  Europe  leprosy  is  confined  mainly  to  Norway,  Sweden,  PHnland,  the 
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Baltic  Sea  provinces  of  Hiissia,  Hnd  the  eou^t  of  the  Mediteiraueun  Sea. 
It  ocfniTH  very  f rcqueutly  in  Hindustan,  China,  Suntati-a,  Borneo,  Java,  and 
Mexico,  on  the  nortlieni  and  eastern  eoa^ts  of  8outii  America,  in  U^per 
and  Lower  Guinea,  in  Cajw  Colony,  and  on  the  northern  coast  of  Asia. 

§  186.  The  Bacillus  mallei  Ls  a  bacillu;*  discovered  by  Loffler,  Schuetz, 
and  Israel  in  glanders  iVwi.  Subsequently  the  obsen'ation  was  substan- 
tiati'd  and  tin'  l>aeillus  studied  by  W  fit^iiftrll^auiii.  Kitt.  and  others.  It  ig 
to  be  iv^anled  as  tlie  cause  of  glanders  and  of  farcy  {muiteus,  motiagmiKs), 
a  contagious  disease  of  linrses,  whieli  occurs  in  man  only  by  transference 
from  hr»rses. 

The  glanders-bacilli  are  very  small,  ifleuder  bacilli,  which  wcur  in  the 
foci  of  disease  sometimes  scattered,  sometimes  lying  together  in  little 
clumps.  For  staining,  alkaline  methylene  blue  or  gentian  violet  is  usually 
employed. 

The  stained  bacilli  often  show  dear  spots  that  are  regarded  by  many 
as  spores,  but  are  interpreted  by  Ldffler  as  forms  of  involutifui.  They 
occur  especially  in  the  ghuiders  foci,  but  oc^iaaionally  also  in  the  blooil  of 
the  diseased  individual  (Loffler,  Kitt). 

The  bacilli  grow  at  tc^mperatures  varying  from  ^0  to  40^  C.  on  coagu- 
lated blood-serum,  as  well  as  on  slices  of  boiled  potato  and  on  jjotato- 
pap.  On  t!»e  two  latter  they  form  amber-yellow  coatings  that  later  be- 
come red.  On  blood  serum  they  form  small,  yellowisli,  transparent 
dropli^ts  which  later  bccouir  milky  white.  (.>n  agar-agar  the  colonies  are 
gi-ayish  white.  Whether  the  bacilli  form  spores  or  not,  is  not  yet  deter- 
mined. 

Dned  baciHi  die  ustmlly  in  a  few  weeks.  Cultui-es  are  sterilized  by 
btjiug  once  actually  boiled,  as  well  as  by  heating  at  55^  C  for  ten  minutes 
(Loffler).  Sublimate  in  a  solution  of  1:5000  kills  the  glauders-baeilli 
certainly  in  two  minutes. 

Horses,  asses,  sheep,  young  dogs,  goats,  cat<s,  guinea-pigs,  and  field- 
mice  arc  suitable  tar  inoculation.  Field-mice,  when  suhj«H't^>d  to  sub- 
cutaneous inoculation,  die  in  eight  days,  and  then  show  the  splct^n  or  the 
liver  filled  with  small  cellular  nodules  containiug  bacilli  (Fliigge).  In 
guiueu-pigs  there  results  an  idcer  at  the  seat  of  inoculation,  and  at  the 
same  time  there  is  swi-Iling  of  the  neighbonng  lymph-glands.  At  a  later 
stagH  nodules  as  well  a.s  mtsal  uicers  nuiy  be  ft»nned  in  the  internal 
organs.  In  hoi-scs -and  asses  typical  glanders  can  In?  produced.  Cattle, 
white  mice,  and  house-mice  are  insusceptible. 

The  usual  atrium  ^^\'  infection  in  horees  is  the  mucous  membraue  of 
the  nose.  Thtm,  next  iti  order,  the  submaxillary  glauds  become  aflFecte<l, 
and  in  the  further  cfHusn  of  the  diseafie  there  are  metastases  in  diiTei*ent 
organs.  In  the  nasal  mucous  membrane,  the  infection  may  give  rise 
either  to  a  diffuse  celbdar  infiltration  of  the  mucous  membrane,  or.  on  the 
other  hand,  to  subepithelial  nodules  the  size  of  a  millet-seed  or  a  jH-a, 
which  resenilile  bipus-iufdules.  In  the  chronic  farcy  of  the  skin  larger 
nodules  are  dcvcloiM'd.  which  join  together  in  rows,  forming  worm-like 
cords. 

The  nodides  of  tiie  mucous  membrane  break  dtiwn  easily.  The  cells 
of  which  they  are  composed  l>ear  pre<'isely  the  character  of  IjTnphatic  ele- 
ments or  of  pn.»t-ceUs.  By  the  dismt^^gi'ation,  softening,  and  suppuration 
of  the  nodules,  ulcers  are  formed  witli  yellow  infiltrated  bottoms.  Thev 
erdarge  by  a  continuance  of  the  process  of  nodular  or  more  diffuse  infil- 
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tration  and  siibseqncut  disintt'pi-ation  of  the  edge,  as  well  as  by  conflu- 
ence of  neiprhhoringr  tili-n-s.  Iloi-ses  that  have  died  of  plnuders  have 
itften  very  extensive,  irrcjjuliirly  sliaped,  elevated  uleers  on  Ihe  mueoiis 
membrane  of  the  vomer.  These  ulcers  have  erode<l  edges  and  floors 
which  are  coat<Hl  with  a  ^-tiy  nnd  yellow  niaterirtl:  and  l>esi<les  these 
tliere  are  uuiueroiis  small  Ifiiticiilar  idi-eitiliotis  and  gray  or  yellow  ntnlu- 
lar  fooi  whieh  are  on  the  puint  of  hreakin^  dfiwn.  The  whole  process 
stands  very  m^arly  related  to  purulent  inflainniation.  The  healinjf  of  the 
nieers  is  chanuiterizt'd  by  the  forniati(»n  of  radiHtin^^  scars. 

The  lymphatit;  glands  arc  constantly  the  scut  of  iuflumniaton>'  swell- 
ing. Of  the  internal  ortrans  I  he  lunjrs  parlieularty  arc  aflrectc<l.  They 
either  contain  nodidcs  which  present,  on  sccMou,  a  cliccsy  and  disinte- 
grated centr*',  while  the  ]>eripher_v  is  grayish  in  col(»r  an<l  rich  in  cells,  or 
else  foci  of  lolmlar  pneumonia.  The  latter  nmy  have  either  a  light-gmy 
or  a  more  litt^nuirrhiigic  appearance,  (►r  tiiey  may  have  already  l)eeorae 
opft*|ue  and  of  a  yellowish  white  color,  by  reason  of  fatty  and  caseous 
changes.  Oeca.sionally  the  mucous  memhrane  of  the  intestinal  tract  may 
contain  nodules  of  varied  size,  someof  lh**m  light  gmy.  and  consequently 
rich  in  cells,  some  of  them  of  an  ojinque,  yellowish-white  color,  cheesy,  or 
on  the  iHtint  of  suppurntiiig. 

In  farcy,  wliich  has  mure  of  a  ehrouie  course  than  glanders,  the  nod- 
ules which  form  in  the  skin  and  muscles  consist  of  small-eelled  tissue 
which  finally  undergoes  a  rctrogrHde  mctamoi'{ihosis,  l>eeomt^  cuseated, 
and  disintegrates. 

In  hunmn  beings  the  infection  with  glauders-pnisou  takes  place  mostly 
through  sriiull  wounds  of  the  skin;  it  can,  however,  also  appear  primarily 
*)ii  the  muc(Mis  nicmltrane  at  the  jtoint  where  it  joins  the  skin.  In  the 
skin  and  subcutaneous  tissue  the  following  lesions  nuiy  develop:  ear- 
huncular  and  phlegmonous  inflanninitioiis  which  may  result  in  suppuj-a- 
tiou;  nodular,  vesicular,  and  pustular  exanthemata;  and  suppunitive 
inflammali'ui  of  the  lymphatic  vessels  and  glands.  In  (he  mucous  mem- 
Vimnes  f»f  the  resjiii-atory  jiassages  catarrhs  appearand  supjmrHting  nod- 
ules and  nodes  are  formed,  which  leave  ulcers  behind.  In  tlic  internal 
organs  metastatic,  sunill-ccUe<l  noduU's  are  formed,  that  show  a  tendency 
to  su])purate  or  to  f<n*m  extensive  suppurative  iiitiltrations  or  abscesses, 
especially  in  the  muwles.  In  chnuiic  farcy  occasionally  large  nodules  are 
formed  in  the  skiii  and  nniseles,  and  these  break  down  and  give  rise  to 
ulcers  that  are  slow  to  heal. 


For  staining  the  j^landcrs- bacilli  (Loffler)  the  seetioBftof  tissue  are  placed 
for  a  few  minutes  in  a  polaBsium-hydrato  solution  of  1 :  10.000 ;  then  in  an  alka- 
\h\e  nietliylene-blut;  or  petitiftn-\*iulet  solution,  made  by  mixinj^  3  ccm.  of  a 
1 :  10,000  solution  of  <>austir  polash  and  t  ccui.  of  an  alcoholic  solution  of 
mfthvlene  blue  or  genliun  violet.  The  secticms  are  dwol(»rized  for  n  few  min- 
utes in  the  following:  solution:  10  ccm.  of  distilled  water,  2  drops  of  .sulphurous 
acid,  and  I  drop  of  a  5  per  cent,  golution  of  oxaHc  acid. 

According  to  invcstigrations  of  Knlning  and  Proiissc.  a  potent  poison,  nuifletn, 
can  be  extracted  frotn  cuHureK  of  the  p-landers-bacillus.  This  Bubstanoe  when 
injei'teil  in  small  tluses  into  horwes  fiufferiiijr  with  glanders,  rause.s  febrile  rise  of 
temperature  and  may  be  used  as  a  diagnostic  aid  (cf.  .lobrie  •). 

■  "  Resultate  dcr  in  Saehseu  voT^nomnienen  Mallein-Roizimpfungen  bei 
Pferden,"  Deutsche  Zeiischr.  J.  Thiermed.,  xix.,  1893. 


PATHOGENIC   BACILU. — RUINOSCLEROMA.  iiOi> 

§  187.  Under  the  name  of  the  bacilli  of  rhinoscleroma,  Prisoh,  Pel- 
lizari,  Chiari,  Comil,  Alvarez,  Kohner,  Paltauf,  von  Eiselsberg,  Dittrich, 
and  others  have  described  short  rods  with  rounded  ends  (Fig.  373)  which 
constantly  occur  in  the  morbid  formation  called  rhinoscleroma  or  scleroma 
rtspiratorium  (Bomhaupt,  Wolkowitsch),  and  consequently  are  regarded 
as  the  cause  of  the  disease.  Staining  succeeds  best  with  methylene  violet ; 
the  sections  being  left  in  the  mixture  for  from  twenty-four  to  forty-eight 
hours.  After  staining,  the  sections  are  treated  with  iodine  water,  or  are 
left  for  from  one  to  three  days  in  absolute  alcohoL 

The  bacilli  possess  mostly  a  hyaline  capsule.  According  to  Paltauf, 
von  Eiselsberg,  Dittrich,  Wolkowitsch,  and  others,  they  may  be  cultivated 
on  blood-serum,  gelatin,  f^ar-agar,  and  potatoes ;  and  under  these  condi- 
tions they  form  capsules  (Fig.  373).  When  cultivated  in  bouillon,  on  the 
contrary,  they  show  no  capsules  (Dittrich).  Stab-cultures  in  gelatin  re- 
semble very  much  the  nail-cultures  of  the  pneumonia-bacilli  of  Fried- 
lander,  but  are  of  a  transparent  grayish-white  color,  and  not  dead  white. 
The  bacilli  stain  more  readily  than  the  pneumonia-bacilli,  and  also  stain 
by  Gram's  method.  St«panow  observed,  in  inoculations  into  the  eyes  of 
guinea-pigs,  active  inflammations  and  proliferating  granulations  contain- 
ing the  bacilli  and  hyaline-degenerated  cells. 

Fio.  373.— Bacillus  of  rhinoacleroma  from  an  agar-agar  cul- 
ture three  days  old.  (^Preparation  of  Stepanow,  stained  with 
gentian  violet,  decolorized  with  oil  of  cloves  and  xylol,  and 
mounted  in  C<uia^  balsaou    Magnified  750  diameters.) 

Rhinosderoma  is  observed  piiucipally  in  east  Austria  and  in  south- 
west Russia ;  isolated  cases  also  occur  in  Silesia,  Itttly,  Egypt,  Belgium, 
Sweden,  and  Switzerland,  and  in  South  America.  It  is  a  chronic  progres- 
sive disease  of  the  tissues  which  lasts  for  many  years,  usually  beginning 
in  the  nose  (Wolkowitsch),  more  rarely  in  the  Aroat,  larynx,  or  palate, 
and  extending  thence  to  the  neighboring  parts — the  external  nose,  lips, 
tear-passage,  trachea,  etc.  The  affection  in  the  nose  is  characterized  by 
a  thickening  of  its  walls  which  in  some  cases  is  diffuse,  but  in  others  is 
lumpy  or  nodular.  The  external  skin  assumes  a  reddish  or  brownish-red 
color,  becomes  stiff  and  cracked,  and  is  covered  with  scales.  In  the  throat 
and  respiratory  passages  tough  cartilaginous  infiltrations  are  sometimes 
found,  and  at  other  times  shrunken  scar-tissue.  The  infiltrations  may 
appear  at  times  in  the  form  of  nodules  or  nodes,  at  other  times  in  that 
of  tumors  and  fiat  thickened  areas ;  or,  finally,  they  may  bo  S])read  out 
more  diffusely.  By  the  transfonnation  of  the  infiltration  into  shnmken 
.sc'ar-tissue  extensive  deformity  of  the  affected  organs  may  result.  Deeply 
i-xtending  destruction  of  tissue  is  absent,  but,  on  the  other  hand,  superfi- 
cial ulceration  may  take  place.  The  infiltrated  tissue  on  section  appears 
yellowish  and  fatty,  but  not  infrequently  it  shows  a  gray  or  grayish-red 
<M)lor.  The  tissue  of  the  diseased  portions  consists  partly  of  h}'j)erplastic 
granulations,  partly  of  fibrillated  connective  tissue.  If  the  former  extend 
Ui  the  epithelial  covering  there  appear  partly  h\*perplastie,  partly  degener- 
ative processes  in  the  epithelial  cells.  The  degeneration  is  characterized 
by  the  formation  of  vacuoles  and  by  an  infiltmticm  of  the  parts  with 
r«>und  cells.     According  to  Stepanow,  the  vacuoles  may  contain  bacilli. 

Tlje  granulation  tissue  itself  may  show  in  many  places  no  si>ecial 
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peculiarities ;  it  may,  in  fact,  merely  present  the  conditions  that  are  fonnd 
in  other  inflammatory  infiltrations  and  proliferations  of  connective  tis- 
sue. Other  places,  on  the  contrary,  contain  in  smaller  or  larger  numbers 
cells  possessed  of  one  vacuole,  or  completely  degenerated  and  vacuolated, 
or  reticulated  in  structure.  In  these  gaps  within  the  cells  the  bacilli  can 
be  detected  (Fig.  374),  some  of  which  possess  a  gelatinous  capsule.  It  is 
not  to  be  doubted  that  the  multiplication  of  the  bacilli  in  the  cells  is  the 
cause  of  the  degeneration  of  the  latter. 

Along  with  the  degenerated,  vacuolated  cells  there  occur  cells  of  various 
shapes  which  have  undergone  hyaline  degeneration  (Fig.  375,  a,  ft,  c,  rf,  c). 
These  also  contain  bacilli  with  and  without  capsules,  and  also  coccus-hke 
forms.  These  cells  may  become  changed  into  non-nucleated  homogeneous 
scales  by  the  loss  of  the  nucleus  {d).  Finally,  there  are  also  cells  inclos- 
ing hyaUne  spherules  (Fig.  375,  /,  g)j  and  these  latter  are  also  found  lying 
free  in  the  tissue  (A).  In  places  that  are  not  yet  affected  with  sear-degen- 
eration the  hyaline  forms  may  be  present  in  large  numbers. 

Fig.  374.  Fig.  375. 
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Fig.  374.— Section  of  rhinoscleromatous  tissue,  with  numerous  degenerated 
and  vacuolated  cells  which  inclose  the  bacilli.  (Preparation  of  Stepanow,  fixed 
in  osmic  acid,  stained  with  htematoxylin,  and  mounted  in  Canada  balsam.  Mag- 
nified 400  diameters.) 

Fig.  375. — Cells  with  hyaline  degeneration  and  hyaline  globules  from  rhino- 
Bcleromatous  tissue  of  the  vocal  cord  and  of  the  nose,  (ft-eparation  of  Step- 
anow.) o,  b,  c,  d,  Hyaline-degenerated  cells  with  small  bacilli ;  e,  A  hyaline  cell 
with  a  capsulated  bacillus:  /,  q.  Cells  with  h^'ahne  globules ;  h,  Free  hyaline  glob- 
ules, (a,  b,  c,  d,  stained  with  Loffler's  solution ;  e,  with  hsematoxylin ;  /,  g.  A,  with 
fuchsin.    Magnified  500  diameters.) 

Bacillus  xeroBls  is  a  fission -fun  ens,  which  has  been  described  by  Leber, 
Kuschbert,  Reymond  Colomiatti,  Scnleich,  and  Neisser.  It  occurs  in  xerosis 
conjimctivse  and  appears  in  the  form  of  short  staves.  The  affection  consists  of 
a  sui)erflcial  disease — a  sort  of  desiccation — of  the  epitheUum  of  the  conjunctiva 
biilbi.  The  conjunctiva  loses  its  glistening  appearance  and  becomes  covereil 
with  small,  white,  fatty  scales,  which  consist  of  homy  and  fatty-degen- 
erated epithelial  cells,  free  fat -droplets,  and  fission-fungi.  The  pathogenic  sig- 
nificance of  the  bacilli  has  not  yet  been  established,  and  is  doubted  by  many 
authors. 

§  188.  The  bacillus  of  blackleg  or  symptomatic  anthrax  {hactMe  dti 
charbansymptomaf  ique)is  AstaflS  too  fihm^  and  Sito  .(y  fithickj-withronnded 
ends,  and  sometimes  j>osses.sing  independent  motion  (Fig.  376,  c,  e,  h). 
According  to  the  investigations  of  Bollinger,  Feser,  Arloing,  Cornevin, 
Thomas,  and  others,  it  occurs  constantly  in  blackleg. 
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^  187.  Under  the  name  of  the  bacilli  of  rhinoscleroma,  Pris.^li,  Pel- 
lizari,  Chiari,  Cortiil,  Alvarez,  Kobner,  Faltauf,  vou  ICiselsberg,  Diltrich, 
aud  others  have  described  short  rods  with  rouuded  ends  (Fig.  373)  which 
constautly  occur  in  the  morbid  formation  called  rhinoscleroma  or  scleroma 
respiratorium  (B<>rnhaupt,  Wolkowitsch),  and  conse<|uentIv  are  regarded 
as  the  cause  of  the  disease.  Stainiug  succeeds  best  with  methylene  violet ; 
the  seetinits  being  left  in  the  mixture  for  from  twenty-four  to  forty-eight 
lioiirs.  After  stainin*;,  the  sectionn  are  treated  with  iotline  water,  or  are 
left  for  from  one  to  three  days  in  absolute  alcohol. 

The  badlli  pos.sess  mostly  a  hyaline  eapsule.  According  to  Paltauf, 
von  Eiselsborg,  Dittrich,  Wolkowitsoh.  and  othei-s,  they  may  be  cultivated 
ou  blood-serum,  gelatin,  agar-agar,  and  polat^tes  j  and  under  these  condi- 
tions they  form  capsules  (Fig.  373).  When  cultivattHl  in  bouillon,  on  the 
contrar>',  they  show  no  CHjiRulfH  (Dittrich).  Stal>-enUurcs  in  g^^latin  re- 
semble very  much  the  uail-eultures  of  the  ptieuuioiiia-bacilli  of  Fried- 
lander,  but  are  of  a  transparent  grayish-white  color,  and  not  dead  white. 
The  bai'illi  stain  more  readily  than  tli«  jmeumonia-bui-illi,  and  also  stain 
by  (Iriiru's  Tiiethoil.  Stcpanow  observed,  in  iiioculatinns  into  the  eyes  of 
guinea-pigs,  active  inJlunimations  and  prolilVraiing  grauulatiouti  contain- 
ing the  bacilli  and  liyaline-degeneruted  cells. 


FlO.  373.— Bacillus  of  rhiaosc'leruina  from  an  agar-agar  cul- 
ture three  ilays  old.  (Preparation  of  Stppanow,  Rtained  with 
gentian  violet,  decolorized  with  oil  of  cIovch  and  xylol,  and 
mounted  in  Canada  balsam.     Ma^ified  700  diameters.) 


RhitMsdt>r&ma  is  observed  principally  in  east  Austria  and  in  south- 
west Russia;  isolated  ca-scs  als4)  occur  in  Silesiaj  Italy,  Egyjtt,  Belgium, 
Sweden,  aud  Switzerland,  and  in  South  America.  It  is  a  rlironic  progres- 
sive disease  of  tiie  tissues  which  lasts  for  inuny  yvars,  usually  beginning 
in  the  nose  (Wolkowitsch),  more  rarely  in  the  tlu"oat^  larynx,  or  palate, 
and  extending  thence  to  the  ucigliboriug  parts — tho  external  nose,  lips. 
t<'ar-]»assagc,  traeliea,  etc.  The  affection  in  the  nose  is  characterized  by 
a  thickening  of  its  walls  whieli  in  some  ca.^cs  is  diffuse,  but  in  otiiers  is 
lumpy  or  undular.  Tlie  external  skin  assumes  n  nMldish  or  brownish-red 
coh)r,  bec<»nics  stiff  and  cracked,  and  is  covered  wil  h  .scales.  In  the  throfit 
and  rrspinitory  jmssuges  tough  cartilaginous  infiltrations  iire  sonielinies 
fiiimd.  and  nt  itlhrr  (inics  shrunken  scar-tissue.  The  inliltrjitions  may 
appear  at  times  in  the  ftnin  of  noduh*s  or  nodes,  at  other  limes  in  that 
(tf  tumors  and  flat  thiekenwl  areas;  t>r,  finally,  they  mjty  be  s])rcad  out 
more  diffusely.  By  the  ti-ansformatiou  of  the  inllltrafiim  intu  shrnnken 
Hfar  tissue  extensive  deformity  of  the  affected  organs  iriav  result.  Deeply 
extending  destruction  of  tissue  is  abs*-'nt.  Imt,  on  the  «>tU<-r  liand,  superfi- 
cial nK'crtition  may  take  pla**e.  The  inliltratcd  tissue  on  .<;ertii>n  appears 
yellfjwish  and  fittty,  but  not  infre<piently  it  sh<iws  a  gnty  or  grayish-red 
color.  The  tissue  of  the  tUscased  portions  consists  partly  nf  hy])crplastic 
gmnulations,  partly  of  fihrilhitcd  eonnccttve  tissue.  If  the  former  extend 
Ui  the  epithelial  covering  there  appear  paHly  liyperplastic,  partly  degener- 
ative processes  in  the  epithelial  cells.  The  dcgenenition  is  eliaractenzed 
by  the  formation  of  vacuoles  and  by  an  infiltration  of  the  parts  with 
round  <M'IIs.     Acconling  to  Stepanow.  the  vacuoles  may  contain  bacilli. 

The  gniniilntioii  (issue  itself  may  show  in  many  places  no  »{)eciul 
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seat  of  inoculation,  anfl  is  caust^d  by  an  infiltrutiuu  of  tlie  tissne  with  bloody 
cudemat^ms  Huid.  The  bacilli  spread  extraordinarily  quickly,  esi>ecially  in 
the  subcutmieoiis  ami  iuteriiiiiscnlar  tissues  (Fip.  370),  and  they  also  pene- 
trate into  the  muw'les.  Tliey  cause  severe  tchiuius  nf  the  vessels,  leading 
rn  iMvitiorrha^'i'  (Fi^.  ^7(».  f )  and  to  the  exudatiiJii  of  a  serous  fluid ;  after 
a  time  an  abntHlaut  enii^n-Mlioii  of  leueoeyteK  also  takes  place.  Guinea- 
piffs  usually  die  ou  the  secoud  or  thii*d  (lav  after  the  swellinjif  has  spread 
out  over  a  porHon  of  the  IkhIv.  The  blmul  usimlly  remains  free  from 
baeilli.     Spores  are  not  formed  iu  the  living  bmly. 

The  bacillus  of  swine-erysipelas  was  deserilted  some  years  ago  by 
LofHer,  Lyiltiu,  Se.hotteliuSt  ami  Sclmetz  as  a  bacillus  vm-yin^j  fiinn  0.6  to 
1.8  /I  long.  Aecordiugf  to  these  investigations,  it  may  be  regarded  beyoud 
question  as  the  ctntse  of  sinnp-eiysipfhts  (roiif/H  fht  porr). 

Swine-er>'sipelas  occurs  especially  in  young  hogs  of  the  finer  English 
breetis,  whereas  the  o^inim<incr  breetls  are  entirely  or  mostly  iususf^jcptiblt?. 
The  disease  is  charaeterized  by  fever,  as  well  as  by  the  appearanee  of  red 
blotelies  on  the  neck,  breast,  and  l>elly.  The  blotf^hes  subsotpieutly  be- 
come brown.  Occasionally  iutostiiial  lueniorrhages  also  appear.  More 
than  half  of  the  iufectetl  animals  die,  usuuHy  in  a  few  hours  or  within 
fiHir  days.  The  autopsy  reveals  swelling  of  the  intestinal  mueous  mem- 
brane, and  here  and  there  luvmorrhagic  iiiUltnition ;  swelling  of  the  fol- 
licles and  ulcers,  esi>eeially  in  the  region  of  the  ileocieeal  vatve;  swelling 
of  the  mc.sentenc  lymph-glands;  peteehho  in  the  serous  membranes. 

The  bacilli  are  found  iu  the  blood,  as  well  as  iu  the  lymph-glands, 
muscles,  spleen,  and  kidneys,  whei*e  they  alst*  lie  in  tlie  vessels.  Most  of 
them  are  free,  but  some  of  them  are  inclosed  in  leucocytes.  They  can  b© 
stained  by  (.rram's  method. 


Fio.  377, 
lias.) 


Plate-culture  of  the  baeUluB  uf  swine -ery-'^ipelns.    (After  Sehotta- 


They  may  be  onltivat^d  nt  18-40O  C.  in  bouilloD,  as  well  as  in  infu- 
sion of  meal  cotitMining  pejitone  aud  gelatin,  blooil-serum  and  a<?id  milk. 
The  muItiiilicHtion  of  the  baeiUi  takes  place  eonstHntly  in  the  depth  of 
the  nutrient  mediuni. 

In  gelatin  poun^d  out  on  plat^  they  form  peculiar  radiating,  bram 
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ing  figures  (Fig.  377).  In  stAb-<'ultures  (Tal>le  1,,  Fig.  2)  whitish  rays 
gruw  Dut  fnmi  iiU  sides  of  tlu*  line  of  iiioeuliition  like  the  bristles  in  a 
test-tube  I^rush.  Tlje  Imeilli  may  forin  |>Heiulothi*eads  in  eulttires,  Ulis- 
teniiig  fiplH'nilt's  wliiiih  thc-y  sometimes  iuclowi!  an-  i-egaiiiHl  as  nporcH. 
With  the  pure  fulture.s  swiue-erysipelas  can  ]}v  reprudm^ed  in  susee]>til)le 
hogs.  Houst'-niiw  aud  dovus  die  in  from  twtj  to  four  days  after  inoeuhi- 
tion,  and  thf^ir  blood  routains  uumiToiis  bacilli. 

Ou  intwulaiion  in  rabbiUan  ery si [Kdas-bkc  iufiammation  ivsuU*},  which 
leads  either  to  gt'ueral  infeetion,  witli  fatal  tenuination,  or  to  recovery. 
G-iiinea-pigs  ami  rhickens  t^ijoy  immunity. 

Aoi-ording  to  investigations  of  Pasteur  aiul  Tijuillier,  whieh  were  cor- 
roborated by  Sehottelius  and  Schuetx,  the  toxi<*  power  of  the  baeilbis  for 
swiue  decn^ases  by  eontiniied  reinocuhition  into  rabbits.  Suseeptible 
hogs  iuoeidated  with  vaecine  atteuuat*fd  in  this  way  do  not  ilie  from  the 
inoeulation.  and  beeome  iususeeptible  to  the  fully  virulent  baeilli. 

Ohieken-elioh^ra,  also  etalled  ttfphoitl  of  fowls,  is  an  e]>i4lriui(*  disease 
whieh  occurs  in  chickeus.  The  bacillus  of  chicken-cholera  is  a  suiall  bacil- 
lus 1  to  1,2  /*  long,  ofteu  somewhat  eunstricrted  in  the  middle.  It  was  first 
studied  by  Perroueito,  and  then  by  Toussaiut,  Pasteur,  KivoUa,  Mar- 
chiafava,  Celli,  and  Kitt.  The  disetuse  is  <*]uiraetenzed  elinieally  by  great 
debility  aud  stupor,  oeeasionally  also  by  (liaiTlianal  intestinal  discharges; 
anatomically  by  swelling  of  the  spleen  and  liver^  by  hft'morrhages  and  in- 
flammations of  the  intestines,  fretpiently  also  by  pleuritis  and  perieaj'ditis. 

The  ba<'ilUare  found  in  thi?  blood,  and  eonsecpiently  also  m  the  capil- 
laries of  the  various  tissues.  They  may  bi'  rnltivat*'d  on  nntrirnt  gelatin, 
on  blood-serum,  and  in  neutralized  bouillon^  as  well  as  ou  potatoes,  and 
they  form  whitish  c^olimii^s.  Hy  inoculating  or  tWrding  chickens  with 
the  bacilli  typical  chick  en -cholera  can  be  produced.  Pigeons,  sparrows, 
pheasants,  rabbits,  and  miee  are  suseeptihle  to  the  baeilli.  lu  sheep, 
horses,  and  guinea-pigs  a  local  abscess  at  the  seat  of  inoculation  can  be 
obtained. 


According  toLoffler  •  and  8chuetz,t  the  swine-plafpie  that  occurs  in  Germany^ 
and  that  formerly  was  often  confounded  with  ftiHne-^rysi^teiaSy  is  eau^ed  by  a 
bacillus  that  has  a  strong  resemblance  to  the  bacillus  of  chicken -cholera. 

The  American  epulemic  swint-difttaaai  are  distinguished  as  two  differeut  kinds 
— namely,  hog-cholera  and  swine-piague.  Accordin(;  to  Salmon,  RilUugs,  and 
Smithjt  they  are  caused  by  different  organisms.  Selander}  also  believes  that 
the  cause  of  the  epidemic  disease  which  is  called  *!nW-jjwf,  and  which  has 
caused  great  destruction  of  hogs  in  Sweden  and  Benmark,  is  to  be  attributed 
to  a  bacillus. 

Many  other  bacilli  have,  furthermore,  been  descrihed  as  the  pjmsea  of  dis- 
eases that  occur  in  animals.  For  example,  aecording  to  Hiiflieh  [|  and  Enderlen.U 
the  ptfelotiephrilus  of  cattle^  that  is  often  observed,  is  caus«'d  by  a  hucilhijt.     Also, 

•  *'Unter»uoh.  Uber  Schweinc-rotldauf/*  Arbeifen  a.  d.  K.  Gennmlhmtmmte*  i., 
1886. 

f  ■*  Ueber  die  Schweiueseuehe,"  Arb,  tt.  d.  K.  (rettundheitgamte,  i.,  188ti. 

}  Cf.  Jahresbericht  turn  Bnumrjartni,  1H81>-1893,  Hnd  Cenirulhlati  f.  BaktrriologUf 
1887-1894. 

%  "  Die  Bakterien  der  Schweiuepest/*  CattraWlatt  f.  Baki.,  iii.,  1888. 

[|  *'Die  Pvelonefihritis  bacillosa  des  Rindes,*^  .WoHa(«:Ar. /.  prakt  ThierheUk.^ 
ii.,  ref.  CentraWtatt  f  Bakt,  x, 

f  "Primiire  infectitwM'  I'velonephritis  beim  Kinde,"  B.  Zeitttch.  f.  Thiermed.y 
\\\Uj  1891,  ref.  Centralbl.f  Bukt,,  x. 
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according  to  Nooardi*  the /arty  of  cattle^  that  often  appeared  formerly  in  France, 

aud,  oocordinp^  to  Oreste  and  ArmanDiff  the  epidemic  disease  of  Italian  buffaloes 
known  as  harbone  dei  bufali,  are  caused  by  a  baeUlus. 

The  Bacillus  diphtheri<e  columharum  is  a  small,  slender  baoilhis  which  Lofflert 
isolated  from  the  exudate  of  a  pigeon  dead  of  diphtheria.  It  inprolmblv^  the 
cause  of  pigeon-diphtlieria,  a  dit^ea^  reseniblingr  human  diphtheria.  Ltiffler 
was  able  to  reproduce  the  disease  iu  pigeons,  but  not  in  chickens,  by  inoculating' 

Sure  cultures  into  the  mucous  membrane  of  the  mouth.  Mice  died  about  five 
ays  after  inoculation^  and  the  bacilli  were  found  in  the  blood-vessels  of  all  the 
organs. 

According  to  Lr»£Eler  (2.C.),  a  haeHhta  \&  also  found  in  the  diphtheria  ofcalpts; 
but  he  did  not  suceeed  in  cultivating  it  pure  or  in  proWng  ita  pathogenic  sig- 
nificance. 

JHphtheria  of  fotrU  and  difththeria  of  calves  are  etiologically  different  from 
the  diphtheria  of  human  beiut's-ll 

According  to  Koch, It  in  decomposing  fluids  left  uncovered  in  the  early  sta^;«s 
of  putrefaction  there  often  appear  bacilli  which  closely  resemble  the  bacilli  of 
Bwine- erysipelas,  bcpth  in  appearance  and  in  their  liehavior  in  cultures,  and, 
when  iuocTilated  into  house-mice,  they  multiplv  crionnously  in  the  blood  and 
lead  to  swelling  of  the  spleen.  Mice  dit^  in  trom  forty  to  sixty  hours,  in  a 
crouched-up  position.  Tne  baeillua  ia  callud  the  haciflus  of  mause-nepticamia 
{Bacillus  Mtiri^tpticux}.  It  may  be  easily  st^itned  with  jiikaltue  methvh'ne  blue, 
88  well  as  by  Oram's  method.  In  the  nlood  the  bacilli  are  partly  ^ee,  partly 
inclosed  in  leucocytes.  The  leucocytes  are  destroyed  on  account  of  the  accu- 
nmlation  of  bacilli  in  the  interior  of  their  Iwjdies  (FUijfge).  Field-mice  and 
guinea-pigs  enjoy  iuimimity  from  the  txaciili;  doves  and  spairows  are  sus- 
ceptible. 

§  189.  Tlie  flssiou-fungi  that  have  been  mentioned  heretofore  form 
staves,  and  accorilinjij  t(»  the  prenent  niethod  of  clasHittention  beloug 
under  the  baeilli.  But  there  oeoiirs  in  human  beings,  cattle,  swine, 
and  horses,  still  aiiotlier  fungus  whose  botanieal  position  is  not  yet  defl- 
uitely  det<?nuiued.  It  may,  however,  best  be  classed  with  the  poly- 
morphic baeterin  and  placed  in  tlie  list  of  bacilli.  Tliis  is  the  ray-fungus 
or  actinomyces,  the  cause  of  actinomycosis,  a  disea-so  eharaeteiized  bv 
a  progressively  extending  iufhimnialion  in  wlncli  gr-annlation  tissue  nnd 
f'onuective  tissue,  as  well  tis  pns,  are  fonned.  It  may  Ije  transferred  by 
inoculation  to  ralvVuts  and  cattle. 

Areas  which  the  ftiugus  forms  in  the  tissues  were  long  ago  observed 
by  Tjangenbcck  and  Lebert,  ImU  tlieir  sigiiiflcauce  was  not  nglitly  inter- 
preted. The  oliserviitions  of  Hahn,  supplemented  by  the  investigations 
of  Bollinger  and  Harz,  tirst  led  t^>  a  correct  interjiretation  of  the  ray- 
fnngns  fwcurriug  in  domestic  aiiinmls.  Israel  found  soon  afterward  a 
siiriilnr  fungus  iu  man,  and  Pontlek  soon  after  gave  bis  o])inion  in  favor 
of  the  identity  of  actinomyces  of  cattle  with  the  fimgus  discovered  in 
human  Iteings  by  Isi-ael. 

•  "Note  sur  la  mniadie  des  l>ueufa  dt^  la  Guadeloupe  counue  sous  le  nom  de 
Farcin,"  Ann.  de  flmt.  Pagteur,  ii„  1888. 

f  **Btudii  e  ricerche  intomo  al  barbone  dei  hufali,"  ref.  Cetitralbl.  f.  Bakt.^ 
ii..l887. 

X  Mitthril.  (t.  d.  K.  (ifi>umiheit:*amte,  ii. 

\  Baljes  and  PusiarJu,  "  L'utei*such.  \\Wt  die  Diphtlierie  der  Tauben,*'  Zeit- 
schr.f.  Htfg.,  viii.,  181^1. 

II  Esser,  *'  Ist  die  IHphtherie  des  Mensohen  auf  Kiilber  ubertragbart"  Fortgehr, 
d.  Med.,  vi..  p.  3*.M;  L.'lffler,  JifittheiL  a.  d.  K.  GesuudheiUamte,  1884;  Piitz,  Fort- 
achritte  d.  Med.,  v.,  p.  187. 

If  "  Untersuch.  iiber  die  Aetiologie  der  Wnndinfectiooskrankheiten,"  Leipzig, 
1878. 
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According  to  the  investigatious  uf  Bostruiu,  the  fiuigu«  that  t-auses 
the  disease  is  a  liii^-lin*  fissiou-fuujfUH  that  belongs  to  the  species  Chdo- 
thriiy  and  is  distiiifriiislieJ  from  the  baeilli  in  rdltures  <)i»  beefa  bKifnl- 
Honiin  xxm\  ngar-ugar  by  tJie  fa(*t  tliat  it  fonns  hmiu-hitig  ihremh.  The 
tliread8  of  the  cultures  are  partly  straight,  partly  wavy,  sometimes  also 
twisted  like  a  serew.  Tbey  break  up  by  trausverse  diWsion  into  slmrt 
rods  uikI  coeeus-like  forms  that  grow  out  again  into  threads  under  suit- 
alile  eoiidilioiis. 

Within  the  huiiiun  aud  uuitnal  <»rf^amsms  the  fuu^ms  appears  in  areas 
which  may  be  ill  the  fonu*)f  little  granules  scarcely  recoj^m/JibU*  with  the 
naked  eye,  or  in  that  of  epln-ndes  as  large  as  two  milliitU'tres  in  diameter. 
The  fiwi  may  be  colorless  and  translucent,  or  white  and  opaque,  sometimes 
yellow,  sometimes  brown,  sometimes  green,  sometimes  yellowish  green  in 
e<»lor.  (tf  \\w  smaller  ones,  fpiit<^  a  nnmlier  consist  only  of  a  mat  of 
tine  tlirenuls.  some  of  them  branching,  others  straight  or  wavy  or  coiled- 

Ul). 

Most  of  the  gramdoB  contain,  mt>reover,  peculiar  clul)-shaped  forma 
(Kig,  878)  that  constitute  tlie  terminatiiMi  of  the  threads  i  and  if  thcso 
club-shaped  forms  are  present  in  large  numbers,  as  is  nsually  the  case  in 
the  larger  foci^  they  have  a  ra^liated  niTaiigemrnt  (Fig.  379,  «)  and  lend 
a  ray-Uke  appearance  to  the  fungus  colony.  Occasionally  there  develop 
hand-  and  fan-like  fonjis  on  the  ends  of  the  threads  (Israel).  According 
to  Bostriim,  all  thes*;  prculiar  tVtrms  result  from  a  swelling  <if  the  mem- 
brane of  the  fungus  thremls,  and  are  to  be  regarded  as  retrogressive 
forms  that  appear  npou  the  exhaustion  of  the  nutrient  material. 


Fig.  379. 


Fig.  378. 


Pig.  a78. — Aciinotnycxs  horninis. 
(Teased  preparation.  MagniiicdSOO 
oifuneters.) 
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Fig.  379.— Section  from  »  tongue  affeetf^d  with  lu'tiuon  i .  •  a,  Acitinomyces 
kernel  or  gland ;  i».  Cellular  nodule ;  c,  P*na-eorpu8cIes :  <'.  '  ^."--^^^otion  of  mus- 
cles; e,  Longitudinal  .seotioa ;  /,  Cross- sec tioii  of  bands  of  ctmnw-tive  tissue  with 
bloofi-vessels.  (Preparation  hardened  in  alcohol.  Rtained  with  alum  carmine, 
and  mounted  in  Cauudu  balsam.    Magnified  20U  diameters.) 

The  actinomyees  is  usually  taken  up  with  the  food  or  with  the  re- 
spired air,  and  finds  its  first  development  often  in  tlie  cavity  of  the  mouth. 
Since  the  llireads  and  nodides  of  the  m'tinomyces  in  many  re-spects  cor- 
respond exactly  with  the  fonn  of  fungus  called  Leptothrix,  and,  moreover, 
since  the  dnb-likc  swellings  also  occur  on  the  ends  of  the  threads  of  the 
latter  (Israel),  it  is  difticidt  to  deti^nuine  llie  presence  of  the  actinomyees 
in  the  cavity  of  the  month,  in  which  situation,  moreover,  it  seems  not  to 
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form  tlie  plmracteHstic  iiodiiK's.  It  tins  bet^ii  iiiijioKsilile  up  Xa  tlie  pn?«- 
fiit  time  tin.letwt  HuMH-fjjinisnMmtsidc  tlir  liiiiiiii!i  Ixxiy.  But  it  must  be 
iviiiark(?d  tliat  oftt'ii  littlf  bits  of  sonit*  lii)j:ln*r  |ilMiiJs-=tlio  lH'ar<l  of  ^niiii, 
H  .spliuter  of  w(»h1 — huv**  b*'*'ii  foiiuil  in  tlit*  pus  fiviin  an  actiiiomyces 
focus,  and  tliat  swallowinji:  parts  i>f  plants — a  spikr  of  jrmin  (Bertha) — 
or  the  contaniiuation  of  wounds  with  vejj;etable  innterial,  preredeil  arti- 
noniyeosis  in  soine  eases;  so  thai  it  is  very  prubabU*  that  the  fuiigu:s 
oceui's  U[)ou  hiy:her  phiuts  uuil  upiin  wood- 
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Fio.  3S().  -  Actinomycosis  of  t!ie  hing-.    a,  FuiigUR-kemel  or  einnd :  fr.  Hnmll- 

cell  nodule:  v,  Filirou^  ti.ssuf :  r/,  Alveoli  tiltei)  witJi  lar^'  aud  siuaII  eeU>t;  e, 
Brorn'hiolii«  v^itli  celliilar-inlillrHled  wnll;/,  Siimll-cell  foeus  in  tlie  neig-hlM>r- 
ho«MJ  of  the  hroiiflmSfC;  ff,  Alveoli  AIUmI  with  vHweularixed  connective  tissue; 
A,  Counective-liflflue  hyperplasia  in  alvenU;  r,  Blood-vessels  of  the  lun^'-tissne ; 
k.  Blood -vess4']s  of  the  mttanuHl  nrm.  (Ppeparation  liardfued  in  Miiller's  fluid, 
stained  with  Ciirmine.  iind  mimnted  in  Cauada  halsaiu.  MiifriLitii'd  45  diameters. 
Tfif  aetinoiiiyres  threads  are  ^mt  Into  the  drawing  from  a  pi^paration  stiiiuetl 
with  gentian  violtt  and  niagtiified  more  stnmjrly-) 

Tf  the  iiiy-ftiii£nis  sueeeeds  in  flottlingr  in  n  tissue  it  calls  forth  nn  in- 
diiuiination  in  its  snrrouudin<rs.  While  the  f^frm  that  lias  pent'trated  the 
tissue  develops  a  niyoelinni  and  a  funpis-keniel  (Fi^r.  ^79,  ti,  tiud  Kijr. 
3S0,</),  a  ncHlular  intlatntnntory  Fchmis  fonns  in  its  suiToundiu^rs.  and  lliis 
fof-ns  ronsists  at  first  of  small,  round  i-ells  fFii;.  37i),  A.  r,  and  Fip.  380,  ft), 
hut  later  may  idso  eoutaiu  epithelioi*i  eells  and  giuut  veils. 
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The  fuupiis-kernels  may  multiply  ill  the  interior  of  a  nodule  and  givp 
rise  to  an  fiiliU'irHnifnt  ttf  thf  latltT,  niid  it  vory  often  haiipciis  tJmt  n-Uu- 
lar  notiules  tlie^izfof  a  pea  and  lai'per  eontnin  a  large  mmiber  of  fimitrns 
foci,  wiiich  are  usiiuliy  situated  aroiiiwl  the  prriphen,'.  At  the  sairn*  liine 
now  fiiu^aiK  i'oci,  and  fousoiiuenlly  new  celJidar  foci,  may  appear  in  the 
neigliborhood.  The  further  spreml  of  the  infection  t^kes  place  by  means 
of  small  nnls  and  threatls,  which  probal)ly  break  oflf  fmrn  the  hirger 
ma^es  and  are  ubser\ed  partly  free  in  liie  tissue,  partly  ineU)sed  in 
cells. 

Lar^r  nodnles  often  undergo,  in  time,  in  the  middle  a  purulent  melt- 
ing down,  and  so  Ifad  to  the  forumtion  of  small  absL-esses,  whifli  may 
join  togcUitr  to  fonn  large  pus'ea\'ities  or  sinuses.  In  the  neigbborhfMid 
of  tht^  I'flUdar  foci  (Fig.  380)  a  lively  hyperplasia  of  tht*  tisane  quiekly  de- 
velops, and  this  leads  to  the  formatiou  of  vessels  (A)  and  of  young  granu- 
lation tissue,  M-hich  subsequently  beeomes  conneetive  tissue  (r,  g,  h).  If 
the  eoiineclivr-tissue  h)'poi'i"jlasift  attains  very  eonsiderable  prop4jrtionH  it 
leads  to  iudiinition  (Fig.  3lri0).  often  also  to  eulargeineut  of  the  tissue. 
The  liypfrpUisiii  may  iimitly  pent-trate  into  the  small-eHl  fofi  and  sup- 
plant thcso,  ami  tlie  fungi  arc  probably  destroyed  in  tliis  way. 

If  the  liypin'jUasia  g^'ts  thv  upper  hand  a  ntHhilar  urw  formation  of 
tissue  ensues  in  the  course  of  weeks  or  months,  and  iu  euttle  it  can  i*eaeh 
the  size  of  a  man's  fist,  and  may  even  considerably  exi-eed  this  size.  The 
tumor  consists  partly  of  dense  conneetive  tissue,  partly  of  granulation 
tissue,  partly  of  a  tissue  iu  a  trausitioual  stage  between  thbse,  and  always 
coutjiins  small  <H-Uuliir  fuei,  or  even  eanties  fomicd  by  disiiitrgriititm, 
with  fiingus-kenn'ls,  of  tlie  shape  already  described,  lying  in  I  he  purnlent 
contents.  Where  the  fungus  develops  in  the  iutenor  f»f  the  jaw-boue  an 
active  \i*\v  bone-formation  takes  plwr  simultaneously  nt  the  p^nphery. 

If  the  destruction  of  tissue  and  pus-pnxluctiun  predominale  ovt.-r  the 
hyperplasia  there  ivsult  more  or  lessextensive  sinuous  cavities  aud  branch- 
ing fistulous  trat^tji  anastomosing  with  one  another.  The  walls  consist  of 
granulations  and  hyperplastic  connective  tissue,  and  here  and  thei-e  con- 
tain fungus  foei.     The  cluniiis  of  fungi  may  beeome  pai*tially  ealeiflcd. 

In  i-attle  the  pro<*ess  is  situated  mainly  m  the  lower  jaw.  then  als(t  iu 
the  upper  jaw,  in  the  tongne,  in  the  throut-eaivity,  in  the  trm-hea,  iu  the 
a^sophagus.  iu  the  stiuriacli,  in  tiie  interstinal  wall,  in  the  skin,  in  the  lung, 
and  in  the  sul)outaneous  iuu\  intf?i7iiusculHr  connective  tissues.  Tt  leads 
hen-  ttf  (lie  formation  of  more  or  less  ext4;'usivtt  imilnlar  tunn>rs  of  the 
cLai-aeter  dcseribed,  and  was  formerly  given  various  names,  such  as 
osteosarcoma,  bone-eancer,  biaie-tnbercnlosis,  abs^-iess  of  the  jaw,  wooden 
tongue,  tubercidosis  of  the  tongue,  lyuiphoma,  fibroma.  woru]-tu>dules,  etc. 
In  man  the  infection,  as  far  as  known,  arises  from  the  mouth  or  throat, 
or  from  the  lung,  or  from  tht^  intestine,  or  from  some  external  .spot  which 
has  i-eceived  an  injury.  In  the  first-namrd  locality  the  invasion  of  the 
aetiuomyees  takes  its  start  from  carious  teeth  (eavilies  i>r  fistula?).  *>r  from 
any  injun'  to  the  soft  parts  of  the  jaw  or  of  the  cheek.  Thence  the 
l>n>ee.Hs  encroaches  upon  the  neighborhoo<l,  and  niiiy  tinally  extend  to  the 
fae*  and  the  hairy  portions  itf  the  head,  as  well  as  upon  the  throat,  the 
nape  of  tiie  neek,  the  back,  and  the  breast. 

Where  the  process  appcai^  for  the  tlrst  time,  tunu'factions  take  place 
that  subsequently  jmrtially  soften  and  give  rise  to  fluctuation.  Where 
the  latter  is  tlie  ease,  pus  is  frtrtntnl  that  is  sometimes  thin  fluid  and  some- 
times more  sti-ingj-,  and  contains  the  characteristic  granules.  If  these 
20 
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abscesses  break  exterunlly,  fistulous  tracts  ai'G  foniictl,  which  either  cUise 
aj^tn  or  pontinne  to  pvi^  ofT  ]ius. 

Aecom|>anyiii^  the  f<ti^i  ot  suppuration,  whicli  arc  sometimes  small, 
sometimes  very  extensive,  tluTe  is  formed  eotistaiitly  nlst>  more  or  less 
granulation  tissue,  whii-h  nt  times  nuiybe  very  alnnnlaiit.  lu  eouseijuenee 
of  fatty  Uegeueration  ami  <lisintegnilion  of  its  elements  the  prannlation 
tissue  ofteu  Ix'comes  partinJly  whitish  or  yellowish  or  vt'dtliKli  wliite  iti 
color,  ami  pttrmerttes  tlie  niurljid  tissue  in  tin  irre^^ular  maimer.  In 
oilier  portions  it  retm'us  to  a  development  of  <'()imeetive  tissue,  especially 
in  phi<*es  where  the  ]troeess  does  not  sjpn*ad  any  furtlier. 

By  this  development  of  connective  tissue  a  K>cal  healiniyr  of  the  pnK'vss 
may  take  plat^'.  leaving  behiud  a  eiealrieial  induration.  But  usually  in 
other  places  the  process  nuikes  further  pro^t-ss.  and  under  certain  eii*- 
euirirstanccs  may  lead  to  very  extetisive  destruetiou.  If  it  should  eneroaeli 
upon  Ihi'  ijoncs  of  the  sjiiual  **(tlnmn  or  of  tlie  hreast-wall  these  beeome 
rouglu^ned  throupih  suiicrtieinl  eurifs.  In  nin-  cast's  the  jaw4x>ne  nmy 
be  attacked  from  the  inside,  as  from  an  idvrohjs,  and  so  undrrp)  destrue- 
tiou. Tlie  [iroeess  may  spn-ail  in  want  from  the  base  of  the  skull  into 
the  iuterior  of  the  skull,  and  knul  to  aetiuoraycotic  meuingitis  and  en- 
cephalitis. 

According  to  Israebin  primary  infection  of  the  i-espinit-ory  aj»paratiis 
the  process  may  run  a  lony:  course  as  a  mere  catiunhid  in(tauimatif»n 
of  the  bronchi.  Metre  frequently  the  lung-tissue  is  affcetod  friun  the 
start,  and  thciv  may  be  brrturliopnenmonic  infhimmatory  fm-i  in  wliieh 
UiKlular  foci  (Fig.  380,  h)  fonn,  assuming  at  an  early  stage  a  yellowisli- 
whito  color  in  l!ic  <*entre.  Here  also  cavities  may  be  formal  Ity  disinte- 
gi'atiou  of  tiie  intlammatorj*  foci,  and  the  contents  of  tln'tiv  will  Ik*  found 
U)  consist  <if  lluid,  pus-corpuscles,  fatty  detritus,  fatty  globular  granules, 
disint^'grati'd  red  corpuseh-s,  and  masses  of  aetiufmiyces.  Tlie  tissue 
lying  between  the  myeotir  foci  l)ecomes  to  a  greater  or  less  extent  aflfe»?ted 
with  inflannnatory  thickening  and  induration,  and  may  change  by  eon- 
uci'tivc-tissnr  hyiMrplasiatoacallousshite-grayor  gray-and-whitc-eoloreil 
mass  whicJi  is  dt*A-oid  of  air  and  later  contracts.  In  this  way  the  larger 
part  of  the  lung  nuiy  become  ehangeil  into  a  mass  of  connective  tissue. 

The  proccs,s  sooiK-r  i>v  later  spreads  from  the  lung  to  the  visceral 
pleura,  and  tliener  to  theeostal  pleura  i>r  over  lot  he  ]»ericardiiMri.  In  cuu- 
sequenee  of  this,  iuilanimatory  exudates,  as  well  as  proliferative  pn»cesseR, 
take  place  at  the  locations  mentioned,  and  lead  to  adhesious  between  oj>- 
posite  surfaces  {if  the  pleura  and  of  tlie  pericardium.  The  cellular  intil- 
tmtion.  as  well  us  the  pus-fovriiHtion  and  the  fally  degeneration  and  <lis- 
iulegivitiou  of  the  gi'anulation  tissue,  nuty  cxti'Uil  between  the  ribs  to  the 
outsi4h'  frtMu  the  i-ostal  ph-ura,  and  spnvul  in  the?  eontigiioiis  soft  parts, 
in  the  eouaective  tissue  and  uniscles,  and  linally  break  through,  at  differ- 
ent points  exterunlly.  From  the  inside  of  the  lung  oceasiorniUy  rupture 
takes  place  into  the  nu-diastinuni  and  ])eneavdium,  ninl  finally  into  the 
heart.  I'nder  certain  eiivuntstances  rupture  lakes  jdaee  through  the 
diaphragni  into  the  abdominal  cavity,  or  the  process  .spreads  from  behind 
the  inediastimmi  into  the  retroperitotu'al  (^omieetive  tissue. 

The  seeiHidary  areas  of  destruction  situated  outside  the  lung  oft<>n 
assume  jierfectly  colossal  pi-o]tortions.  whereas  in  the  lung  the  priwess 
Tuay  spread  only  to  a  linuted  extent  and  then  eicatme.  At  one  time  the 
piu'ulent  sot'ti-ning  predouunates,  at  auother  the  formation  of  gi'Anula- 
tious  tmd  induration. 
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Aftinomvcosis  orij^iimting  in  the  iiiti'stiiml  li-act  begins  w*itli  the  for- 
iimtion  of  pWiue-shajHtl,  whitish  pat<'hes  of  the  fniigiis  (Chiari),  or  of 
uodiilar  mucous  juid  suhinurous  foci  (Zeiiiaun)  contniniiig  the  fuiiffus 
elenu'iits  and  leiidiu^  to  ulcfniliou  hy  uiiderjtroiujj  uecrosis.  The  pi-oeess 
jiprraUs  from  the  intesliiir  to  tht'  iieritoiu'iiui  mn]  the  n'tropi-ritononl  oou- 
ueotive  tissue,  a.s  wi-U  as  to  tin*  or^puis  juljarciit  tn  tlio  original  seat  of  tlis- 
ease — e.g.,  the  livor.  It  fiuallv  hrt'iiks  t]irouy;h  the  wall  of  the  nhdoiiif.'ii 
to  the  outside.  Where  tlie  aetiiuuim'es  ]iatehes  develop,  tlie  infiunima- 
toi'v  foei  of  hyfv^rplnsia  are  foriiit'd.  If  faT-eal  iiiiissrs  <^et  into  the  tissiies 
l)y  a  ruptui'e  of  the  intestine,  fax-al  abscesses  lu-e  formed. 

Mffastiises  may  oeenr  in  the  course  of  the  local  disease,  and  this  inav 
trtVe  place  l)y  direct  rupture  of  the  finij^i»-fr»-cn^-th  info  the  lilood-vewsel, 
althtuigli  this  is  rather  unusual,  rroiii  tiic  intestines  usuidJy  liver  me- 
tastases resxilt ;  from  the  luntr  there  result  skin,  nuisele,  houe,  brain,  iutes- 
linal,  and  kidney  nu'tastases.  The  Jiietaslatii;  nodules  behave  likt*  the 
priiiiary  foci.  In  rare  cases  primary  fm'i  <if  actinomyi-es  oci'ur  in  tlie 
internal  orjj^ans — e.g.,  in  the  hraiu  (Bojlingvr) — vvitliout  otu*  being  ahle 
to  dis'-over  any  purtal  of  entrance. 

Johue,  Ponliek.  Httslrom,  Wolff, and  Isniel  liaveatteniplcil  irnteulution 
4?xponments  upon  animals,  and  several  of  them  (Johne,  Pontiek,  Wolff, 
and  Israel)  Iiave  4)l>taiued  positive  results,  according  ti>  their  stAtements. 
WollT  and  Israel  ohtained  iu  abu»»st  all  cases  a  characteristic  morbid  eou- 
dition,  with  inflanunaton*  f(K*i  containing  the  fungus-nia,sses,  by  the  iu- 
<H'nIati<in  <d' rabbilsand  gniuea-pigs.  They  al.io  succeeded  in  cultivating 
upon  agar-agar  the  fungus  wliich  tbey  had  t-akeu  fiT>ni  the  tumors  con- 
taining tlic  masses  of  growth. 

Eppinger  *  recently  found  a  flssion-fungiLs  in  the  puHof  an  old  brain-abscess 
which  led  to  death  by  meningitis.  The  fnnffu-*  i*  to  be  clas«.ed  with  the  ple*'- 
nii>rpiiie  bacteria.  Kppiuger  called  it  Oladothrix  asteroides,  and  dctennined  its 
characteristics  by  cidtivatioii  anil  in(tculatii»ii  nwn\  aniiiijd>;.  The  dLseaw?  caused 
by  the  fungus  may  be  called  pseudotuberctuosia  cladothricliica,  ^incp  tliere 
existed,  in  the  lungs  and  bronchial  plands  of  the  individual,  fhanges  similar  to 
those  which  are  observed  in  tuberculosis,  and  also  since  a  ilist-ase  siijijrf stive  of 
1  ubercidi>siH  develop*'d  in  ^uiiiea-pip*  and  rabbits  on  inoeulati'm. 

Awrording  lo  Duiikerf  and  Hertw'ig.J  there  occurs  in  hogs  a  ray-fungus 
which  is  ahv»v8  sil  anted  in  the  niusclf-s,  especially  the  intercostal  nniscles  and 
tliose  of  the  ihaphragin  and  abdomen.  It  causes  a  degeneration  vf  the  muscle- 
tibres  of  the  surroumliiifr  nciK-hborhood,  and  hyperpUisia  of  the  connective  tissue. 
The  masses  of  funp  are  also  arranged  radially,  forming  club  shapes.  They 
readily  undergo  calcification  ami  then  form  white  points  in  the  flesh. 

According  to  The  investigations  of  Knuthack.^  Boycc.ll  and  Vincent. IT  it  x& 
vi'ry  probable  that  the  affection  known  as  Madura  disease,  or  Madura  foot,  or 
mycetoma,  ubsei've*!  in  India,  repreH^'ntsadisenttecnuKcd  by  a  pol>nnorphic  fl-ssinu- 
f  unjrus  nearly  related  to  actinomyces  and  called  by  Vincent  SfrfpMhria-  Mofinras, 
The  disease  consists  of  a  gradmd  swelling  of  one  of  the  extremities,  caused  by 
nndular  depoidtH  which  turn  int^j  abscesses  and  fistidous  tracts,  on  pressure 
emptWng  peculiar  brown  or  black  ti.sh-roe-  or  truffle-like  granules.    The  pran- 

•  "  Ueber  eine  neue  pathogene  <  'ladotlirii  imd  eine  durch  sie  hervorgorufene 
Pseudotubercttloais,''  Hettrage  zur  path.  Atiat.  ron  ZiegleTj  ijc.,  1891. 

+  Zeitseltr\ft  f.  MikriJ^kopie  und  FleufcJuichait,  iii.,  1884^ 

t  Archir  f.  wigsetPfch.  h.  vrnk.  Thicrhrifk.,  .\ii.,  1886. 

i  "Madura  Disease  and  Actinomyces,"  Journal  of  Patholofw,  i.,  18f*2. 

II  "Upon  the  Existence  of  more  than  one  Fungus  in  Madura  Disease," 
Phihm.  Trans.,  vol.  cb:xxv.,  l^J'l;  and  Hiffj.  Itmtd,tchau,  IBIH. 

If  "  Etude  suT  la  parasite  du  pied  de  Siadura,^  Atmui,  de  Clfwt.  Poseur,  1891. 
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ules  contain  the  fnngns.  Kantbnck  oven  regards  the  fungus  as  identical  with 
at'tinoiuycey ;  but  the  iiivestig:atious  of  Vincent  and  Boycu  do  not  agree  with 
this  assumption.  Accordiuj?  to  Boyce,  the  Streptothrij-  Madurte  foinms  two  varie- 
lies:  a  white  one  with  white  dichotomouwly  dinding  tiireads,  and  a  black  one 
with  branching  pi^fmented  thread!^.  Fornierlv  it  was  assumed  that  the  Madura 
diaease  was  causwl  by  a  thread-fungiis,  the  Chumyphe  Carteri,*  but  there  are  no 
convincing  investigations  to  support  this  assumptiou. 


3.  The  Spirilla  and  the  Morbid  Proce^es  Caused  bij  Them. 
(a)  Non-paihoffntie  Saprophytic  SpiriUa. 

§  190.  The  spirilla  or  spirobacteria  are  divided  iiito  two  geuera,  one 

of  tlieni  calk'd  .Spirillum,  tlie  other  yiiiriK-huett'. 

The  genus  Spirillum  is  fbaruftemed  by  the  tormatinn  of  stiff,  sliort, 
nballow  KpiraLs,  whi)di  Kuriietiiiu's  liave  flapella  mui  posseas  Uvely  motion. 
Wavy  staves  are  also  raJh'tl  Vibrif>ttf';f  by  many  ttuth<»rs. 

Spirillum  sive  Vibrio  nnjvhi  (Kifif.  381,  h)  forms  staves  from  6  to  16  ^ 
Ion(r  and  from  0.5  to  2.5  ;*  thick,  simply  bent  or  having  a  sh(Uh>w  tum» 
wliit'h  nuive  them.selves  by  mean.sof  a  flaijelliim. 
Tbo  spirillum  o*icnrs  in  water  fi'om  swamps,  in 
ftpees,  and  in  slime  from  the  teeth. 


/   V 
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Fro.  381. — SpiriUum  sive  Vibrio  rugttla^  6,  and  Spiril- 
lum utulula,  a,  obtained  from  a  cold  infusion  of  finely 
chopped  eartliwonns,  (Drawn  from  a  dried  prepara- 
tion treated  with  gentian  violet.    Magnitied  tHX)  dia- 

moters.) 


Spirillum  sive  Vibrio  serpnm  forms  thin  tlireuds  froTii  11  to  28fi  long, 
with  three  or  four  wavy  bands.     It  oeeurs  in  stagnant  tluids. 

Spiriilum  teiiur  has  threatU  from  3  to  15  ft  long,  very  thin,  with  from 
two  to  tive  spiral  turns. 

Spirilhtm  uuduh  (Kig.  381,  u)  is  a  thread  1  or  1.5 /i  thick  and  from  8  to 
12  M  long,  bearing  on  its  end  a  tlagelhim  nnd  having  from  one  and  a  lialf 
to  tlireo  turns.  It  (lerurw  in  various  juilrefying  fluids  and  cxetjutes  rapid 
twisting  and  darting  motions. 

Spirillum  vohitmm  i>f>ssesses  tlireiids  1.5  or  2  ^«  thick  and  from  25  to 
30  "  long,  with  froiti  two  and  a  half  t*i  three  and  a  half  turus^  beariup  a 
(lagelium  at  both  ends. 

The  sp<Mit's  Spirochaete  (Fig.  384)  is  charaeterized  by  flexible,  long*, 
sharply  turned  spirals. 

Spirochete  pUcuiilin  forms  threads  from  100  to  225  }i  long,  verj*  fine 
and  elosely  turned.  It  is  very  abundant  in  water  from  marshes  and 
gutters,  iind  executes  veiy  nipid  movements. 

Spirorhatif  hucrttlis  sive  thnticola  is  from  10  to  20  ^t  long,  pointed  at 
l>oth  ends,  and  is  not  infrei|uently  observed  in  the  seeretion  from  the 
cavities  of  tlie  mouth  and  uose  (cf.  Fig.  153).  It  seems  to  have  no  patho- 
genic significimee. 

The  spirilla,  tis  far  as  they  are  not  pathogenic,  are  little  known,  and 
investigationts  particularly  as  U>  their  life-liistifry  are  wanting.    They  ai-e 

•  Carter,  "  Mycetoma,  or  the  Fungus  Disease  of  India,^  London,  1874 ;  Lewis 
and  Cunningham,  "The  Fungus  Dist^ase  of  India,"  Calcutta,  1875;  Hirsoh,  Kir- 
ehoui'a  und  Hirnciis  Jahrt»hericht,  1876  and  1876. 
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present  in  largf  nuiiil>ei-K  in  rln-  contents  of  pri\y-vnnlt«.  Afconiinp  U\ 
Pmzniowskj,  Sf/hilfmu  rw*/wM<-iuisrf'(l*vonii»oj*itioii  of  cclliilosi'  and  fmitts 
hlM>rfS  at  tht  (MkIh  of  the  spirilla.  Ai'Cdnliiijr  to  Wuiliel,  a  vihrio  wlrirli 
o*!cnrs  in  riai^al  slinif  lias  manifold  forms  of  growth.  lOsmajdi  .sut'ceedinl 
iu  cultivating  u  ^^ijirillwiu.  t^alU'd  hy  hiiu  iSpiriliuni  t-uhnun,  in  the  diflfrrt'nt 
ordinal*)'  nuMlia.  In  boiiilhm  it  forms  KpiraLs  of  tmui  forty-thret*  to  Hfty 
tiitTJs.  Short  spirilhi  cxiTUtt'  lively  motions,  bnt  loiijf  spinlla,  «)n  the 
^■ontral•^^  s]u^:ji:i!*Ii  nnitions,  or  they  nmy  he  nuitinnless.  i'olonies  in 
hid'u}  nn'dia  ar«^  at  first  pah-,  but  jUiHinm*  aft<'nranl  in  portions  not  in  con- 
tm't  with  air  a  wine-red  eolor.  In  spinlla  of  old  i-idiiires  three  or  f*>nr 
didl,  i^listening  spots  <M^i'iir  tlmi  ih»  not  stain  (iiid  aiv  proliahly  to  he  inter- 
preted a.s  spores.  Cidtures  eontniidnjf  spirilla  of  tiiis  kind  an*  more  re- 
sistjuit  to  drying  than  othere;  but  they  are,  on  the  contrary,  very  easily 
killed  by  heat. 

The  long  spirals  may  break  up  into  short  t^e^inents  poi^etising  only 
about  three  quartet's  of  a  turn,  and  these  ^nvr  4iut  iu  leuf^U  and  u^c^u 
divide. 


{b)  The  Pathogenic  SpiriUa. 

§  191.  Spirillum  cholers  Asiatics,  also  ealted  vomma-bitnlhtu  {fkiciUt" 
tirgule  ehoUr'ujhie).  was  dis(5overed  by  R.  Kcieh  in  IS84  and  reiM)>jnized  as 
the  cause  t>f  Asiatir  ehidera  {Fijr.  liSti).  It  is  eiiustantly  found  in  the  de- 
jeettt  of  those  snffennjijf  from  iVsiatii*  eliolera,  and  forma  a  small,  eomma- 
like,  eurved  staff  from  O.S  to  2  ft  \ui\^. 

Cultures  of  the  i'lnflern-spiriUa  are  obtained  ujtoii  a  ^'eat  variety  of 
Hlijfhtly  alkaline  media.    The  temperatures  favorable  for  their  growth  ai'e 
iH'tween  250  ,imi  370  e.     Betw^'en   Ifio  and  80  C. 
they  are  still  eapable  of   puny  development  (van 
Ermeugem). 


>  S  > 


Fig.  382.— Cluilera-spirilU  fnjm  a  pure  cidture.  (Cov- 
er-fclA^s  preparatiLin  colored  with  fuohsiu.  Magnified  40U 
diameterH.) 


'h 


On  gelatin  plates  they  form  round,  flat,  yellowish  disks  wliieh  liquefy 
tlie  ifelatiu  only  slowly.  With  h>w  niagtiifying-  [Kiwers  they  api>ear  irregu- 
lar in  outline,  and  the  surfaee  gmmilar  or  grooved  and  i*ougii ;  it  conveys 
the  impression  as  if  the  surfai^re  were  strewni  with  small  pnrtinles  of  glass 
(KtK'h).  By  the  litpiefaetion  of  the  gelatin  in  the  immediate  neighbor- 
h<MHi  a  funnel-shaped  tvavity  is  fonned,  and  the  cohmy  wuks  d<»wn  Unally 
to  the  bottom  tif  the  eavity. 

Stab-cultures  ill  p'latin  fiirm  iti  tw<»  days  a  whitish  fHird  eorresiHindiiig 
to  the  line  of  iuoeidation  (Table  1.,  Fig.  3).  Tlie  gelatin  becomes  lique- 
fled  immediately  ai*onud  thf  line  (►f  inttenlation.  The  canai  wiilens  out 
upward  into  a  funnel  filled  with  liquefied  gelatin  behiw  and  with  air 
alM>ve.  The  widening  of  the  funnel  of  the  eannl  of  inoeulation  takes 
plaofi  slowly,  so  that  its  edge  rem-hes  tlie  wall  of  the  tulw  only  after  five 
i»r  six  days. 

On  |>otat<)es  at  30-.V)O  V.  the  spirilla  fonn  light-brown  eultures,  on 
agnr-ftgar  gnii>'ish-_v<?ll«>w  slimy  cultuivs.  They  grow,  mon'ovi-r,  also  in 
iMMiillou,  btoiHl-seriiiti.  ami  luilk. 

They  do  not  inerease  in  |)ure  wiiter  f  HolttuO,  but  in  water  that  is  eon- 
tainiiiati'<l  with  .siibstauees  whieli  furui.sli  nutnent  nmteriul. 
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Tho  choIera-si)irilla  an*  aerobic,  but  they  also  are  able  to  gr(»w  wIh-m 
oxygeu  is  cut  off.  According  to  the  iuvestigations  of  Hueppe,  vmltivation 
in  the  presence  of  a  paucity  of  oxv^ren  iucreaises  the  toxic  power  of  the 
cultures;  but,  on  the  contrary,  the  resisting  power  against  injurious 
agents — e.g.,  againnt  acids  and  similar  Milistances — is  diniiuislied;  with 
free  admission  of  oxygen  the  revci*sc  tidct-s  place.  Pfeiffer,  howevt-r. 
found  that  young  cultun-s  cultivated  Ju  <*xygcu  alsfi  contjiined  ixjison. 
The  gpirilla  present  in  fresh  dejecta  are  easy  to  kill  (Hueppe)  and  but 
little  suitetl  for  infe<*tion,  when-as  the  growth  of  the  spirilla  «)utside  tJic 
iKwiy  increases  their  resisting  [mwer  against  the  stomach- juices,  etc.,  and 
makes  them  more  suitable  for  the  iufe<*tion  of  ntrw  individuals.  Tliey 
are  readily  destroyed  by  desiccation  iu  free  air  ((*uyon),  by  high  temper- 
atures, and  by  boiling  for  a  short  time.  They  are  easily  supplant*-*!  by 
saprophytic  bacteria  where  the  nutrient  material  and  the  temperature  are 
not  entirely  suita>>le.  In  privy-soil  tlicy  die  out  tjuickly.  according  to 
Koch.  They  arc  readily  dcstroyc*!  by  atfids,  corrosive  subliinat*'.  and 
carlxtlic  acid.  According  to  the  observations  of  Koch,  they  can  be  jirc- 
servetl  iu  well-water  thirty  days,  iu  sewage  seven  days,  on  nuiist  linen 
three  or  four  days.  Nicati  aud  Uiet^crli  f<»und  them  alive  after  eighty-one 
(lays  in  water  taken  fmm  llie  harU^r  of  Marseilles. 

In  cidtures  they  form  sometiniea  short  rods  more  or  less  curved  (Fig. 
382)  and  often  hanging  togetlier  iu  twos,  SdineTimcs  long  spirals.  Along 
with  these  forms  there  also  occur  straight  staves,  aud  sometimes  the 
luajority  of  Hie  itkIs  that  are  prt»sent  show  tlie  curve  only  imperfectly  or 
not  at  all.  In  fluid  mciiia  to  which  oxygen  has  access  tiiey  show  lively 
motility,  wliieii  is  easily  seen  in  a  hanging  dmp.  According  to  the  in- 
vestigations of  Loffler,  the  motility  is  cansed  by  a  single  flageUura  on  one 
end. 

When  the  nutrient  nniterial  is  exhausted  to  a  certain  ext^ent,  involu- 
tion-forms often  ap^>ear,  iu  which  tlie  nnls  are  sometimes  shnuikeu,  some- 
times swollen,  tluis  causing  them  to  present  a  variety  of  forms.  Globular 
swelling,  as  well  as  uueolored  phu-cs  in  stained  pi-e|>arations  canst^d  by 
degeneration,  have  <»flcii  been  erroneonsly  reganU'd  as  phenomena  of 
fi'uctifieation.  Formation  of  s|>ores  has  not  Imm-u  prov«Hl.  K  hydrfi- 
chtonc  or  sulphuric  aind  is  added  to  cnlturcsof  the  cholera-bacilli  in  cul- 
ture-media containing  peptone,  tlie  c^l]tures  assume  a  rose  or  Burgimdv- 
red  color,  due  to  the  formation  of  a  troh>ring-m after — rholera  red.  A  smt- 
able  cultiirc-inedinm  for  this  reaction  is  a  meat-infusion  containing  j»ep. 
tone,  or  a  1  per  cent,  solution  (rendered  alkaline)  of  peptone  containing 
1  per  cent,  of  salt.  According  to  Halkowski.  this  is  a  nitrfiso-indol 
reaction. 

When  they  get  into  the  intestinal  tract  of  human  beings  the  s}iirilla 
develop  in  the  .uniall  as  well  as  iu  the  large  int^'Stines.  so  far  as  tJiey  aire 
not  destroyed  by  the  a^'ticm  ttf  the  gastric  juice  and  an*  iitit  hinderetl  in 
their  development  by  other  inttueuees.  Their  gntwTh  is  followed  by  an 
extensive  transudation  from  the  intestinal  niucons  membrane,  so  that  the 
intestine  is  filled  with  a  tluiil  resembling  nical-soup  or  rice-water^  in  which 
flakes  (\i  destpiamated  and  slinjy  epithelial  cells  float  aliout. 

Tin*  spirilla  arc  always  present  in  large  ntimbcrs  in  tlie  content*  of  the 
intestine,  and  are  also  found  in  the  lumen  of  the  intestinal  glands,  and 
they  may  penetrate  from  there  between  and  under  the  epithelial  cells. 

In  fresh  cases  the  i)resence  of  the  spirilla  may  l»e  demonstrated  usu- 
ally by  making  a  t^over-ghisM  ]ircparation  stained  with  methylene  blue  or 


* 


PATHOGENIC   BFIRUJ^ — ASIATIC  CHOLERA. 


519 


with  fnchsin.  The  fi-esli  dejecta,  as  weU  as  foul  clothing,  are  suitable  for 
the  examination,  since,  according  to  Koch's  obwervatious,  the  spirilla  can 
multiply  for  a  while  vigorously  on  moist  linen  and  moist  earth.  In  old 
cases  tlie  detection  of  the  spirilla  is  nuire  diflh'ult,  but  ncverthelcHa  suc- 
ceedHinnll  cases,  acfordiug  to  a  number  of  authors  (Koch,  v«u  Knnengcni, 
Nicati,  Hiets**h,  A.  Pfeiffer,  Bal)es,  Ccci,  Schottolins,  and  otlin-s),  and  is 
attainable  most  surely  by  making  plate-cultures.  In  order  to  facilitate 
the  separation  of  the  cholera-spirilla  from  the  otlier  iutestiual  bacteria, 
Hchottclius  rL'Coniuii'nds  the  mixing  of  the  dejecta  with  double  the 
amount  of  meat-infusion  rendered  sliglitly  alkahiiCj  and  allowing  the  mix- 
ture to  remain  uncovered  at  a  temperature  of  30— tO^  C.  for  twelve 
h*mrs.  The  spirilla,  ivtpiiring  oxygen  as  the}-  do,  develop  especially  on 
the  surface,  and  nuiy  be  easily  transferred  thence  t:>  plate- cultures.  Koch 
rccomnn^nds  for  this  purpose  a  solution  of  peptone  with  salt. 

Alkaliue  nutthylcnc  blue  is  used  for  stnjning  sections  of  Uie  iutestiues. 

The  yuvseuoe  of  ehotcra^spinlla  in  the  intestines  excites  inrtaminarion, 
which  finds  expresyirui  at  the  start  in  retldeiiing,  swelUng,  transudation, 
mucoid  degeiu^nition  of  the  irpitholiuni,  and  dcs<imimatiou  •,  subseijuently 
also  in  hit'inorrhages, formation  of  sloughs, and  ulceration.  Tt  is  character- 
ized constantly  by  a  uwn^  or  less  abundant  cellular  infiltration  of  the  tis- 
sues. The  solitary  follicles  and  Poyer's  ])hu|ties  are  swollen  even  in  fresh 
cases.  Death  may  take  place  in  a  few  hours  or  in  from  one  to  thi-ee  days. 
If  the  diseasei  last.s  longer  the  c<iii!ents  of  the  intestines  become  more  con- 
sistent and  the  intestimU  mueous  membrane  shows  uleerative  changes. 

Ai-eonling  to  present  experience,  the  spirilla  ju'chIucc  ]ioiHonous  sub- 
slanees  vvfiii'li  cause  local  damage  to  the  mu<'ous  membrane  of  the  intes- 
tinal canal,  phenomena  of  intoxication,  and  pandysis  of  the  veswls.  In 
the  li\'or  and  kidneys  there  often  result  small  foci  of  degeneration,  and 
witliin  these  the  ceils  of  the  glands  are  chnuly  or  fatty  and  affected  with 
hyaline  degeneration  or  iu'ei*osis.  Moivover,  the  kidneys  verj'  often  show 
cloudiness  caused  by  toxic  degenerjition  of  the  epitbclium  ;  also  therp  is 
wrcasionHtly  swelling  of  the  cortex.  Frequently  there  are  also  ecchymoses 
in  the  epicarfliuni :  in  the  later  stages  abio  patches  of  necrosis  in  the 
mucous  metnbrioie  of  the  vagina.  The  pi-eseuce  of  the  spinlla  for  a  long 
time  in  the  intestines  nniy  be  folhtwe*!  by  the  fonnntion  of  ulcers.  Even- 
tiwlly  they  an*  erowded  out  by  t!ie  jiutrcfacti^'c  baeteria  present  in  the 
intestines,  and  die  out.  A  lu-w  intoxication,  not  dep«'mh*nt  upon  the 
original  spirilla,  may  result  from  alis«rption  of  the  products  of  putrid 
deeomiHJsititua. 

According  to  Koch,  Nicati,  and  Rietsch,  the  cholcra^baeilli  may  be 
contaiui'd  in  tin-  nnitiTJal  vomited.  Kieati,  Rietsch,  Tiiizoni,  and  Cattani 
also  found  tlieni  in  the  ductus  l:■.lu^ledochus  and  in  the  gall-bladder.  Ac- 
cording to  the  statement  of  these  atithiirs,  the  spirilla  do  not  usually  get 
int^  the  bhiod,  jind  arc  also  absent  from  the  internal  organs ;  neverthe- 
less Tizzimi  and  Oattani  wen?  able  to  demonstrate  Iheir  presence  in  the 
cerebrospinal  fluid,  which  was  inc'reased  in  amount^  and  they  also  found 
them  in  the  blo<Kl  of  an  aborted  fcttus,  five  months  old,  fn»m  a  woman 
sick  with  ebolem. 

Koeh  det.ceted  the  spirilla  in  a  tank  in  India  which  furnished  the  in- 
habitants with  their  entire  supply  of  water  for  drinking  and  other  pur- 
poses, at  a  time  when  a  jmrt  <d*  the  inhabitants  were  sick  and  dying  of 
cht>lera.  Since  then  they  have  been  often  detected  during  cholera  epi- 
demics in  wnter-s applies. 
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Aeconliug  to  the  investipfations  of  Nicnti,  Rietsoh,  van  Kmieiigem,  and 
Koch,  symjitoins  iv^ienihliTtii;  nholern  i-mh  hv  ])iTMliiri'd  in  expmmeut«l 
aniiuals  by  the  introdin-'tion  of  ".'linh'ra-spirilJa  iiit<»  llie  iutvstintil  cuual. 
Tliis  sueceefls  ivhon  i-ultuivs  are  iiitrodiu'ed  (brvrtly  into  the  duodenum  or 
small  iutt'stines  (Xicaii  and  Ilirt>;fh)  \  iiImj  (Kmrli)  liy  iviidfiing  tlie  past-ric 
juice  of  the  animals  {fjfuiueH-pigs)  alkaliue  with  a  5  jh'i*  cent,  solution  of 
soda,  thou  <|uiptiTi(r  tlio  bowils  Ijy  injci^tin)?  into  the  ahdoniinal  cavity 
I  ocni.  nf  tincture  of  ojiinni  to  evciy  200  jn'miimes  of  weight  of  tlie  animal, 
and  fimdly  intiN>duciug  cue  or  several  di*op8  of  a  pure  culture  into  the 
stomach. 

AiiiniJiW  inoculated  in  this  way  die  with  seven*  symptoms  of  c(tllapse. 
The  small  intestines  are  foiuid  to  be  (tiled  with  a  wutcry,  (U)i'<ndent  fluid 
containiti^  nmtibers  of  spirilla;  the  iut^'stinal  mucous  membraue  is  red- 
dened and  swollen. 

Asiatic  cholera  is  eudemic  in  Lower  BengiU,  and  never  entirely  dis- 
appears thei-e.  Thence  it  spreads  at  times  (^ve^  India  and  over  a  larjjer 
or  smaller  territory  of  the  earth  liy  tiansptirtarioii.  fSince  the  spirilla 
easily  ])erish  outi^ide  thf  body,  the  transportalioti  must  l>e  effected  maixdy 
by  persons  siilTerini;:  from  cholera.  Infection  [jrobably  oci-in-sexclusividy 
froni  tlic  intestinal  camil  l>y  the  introihu'tion  rjf  infected  bevenifres  or 
IVkhI  or  some  otlicr  suhstanci;'  into  the  nitmth.  Hnt  it  in  certain  that  the 
introductiim  of  eholera-sjjirilla  into  the  intestinal  canal  is  not  always  fol- 
lowed by  the  diseH.se. 

Moreover,  it  not  infrequently  liappens  that  tlie  spirilla  increase  in  the 
intestines,  but  only  cause  slipht  ehanjfcs,  wj  tiiat  the  infected  pers<m  suf- 
fers no  severe  trouble,  and  the  diagnosis  can  he  only  made  Ity  the  dete«v 
tiou  of  the  spirilla  in  llie  stool. 

If  the  ehok-ra-spirilla  get  into  the  dinuking- water  or  wat^r-supply  iu 
^'eiii:-!-!*!.  and  sneeeed  in  nudtiplying,  tlic  ebiileni  may  develo]i  with  ex- 
tra'inlinary  rapidity  in  the  locality.  If,  on  tiie  contmry,  the  infect ioii 
follows  by  dii-ect  or  indin-et  contiHrion  from  <ii]e  perstju  to  another,  the 
spread  tjikes  jilace  moiv  slowly,  since  it  is  limitcMl  to  those  who  *'onie  in 
contact  with  the  sick  person  or  with  the  artieles  contwninated  by  the 
hitter.     The  pei'iod  of  incubation  lasts  one  or  two  days. 

In  the  intestines  of  convalescents,  aecording  to  investigations  of  Kolle, 
the  spirilla  may  continue  to  live  for  li  htug  time  and  to  niiUtijdy,  witliout 
fliving  ris*^'  to  any  symptoms  timt  point  to  their  presence.  KoUe  was 
able  to  detect  tliem  in  a  number  of  cases  after  from  five  to  eighteen  days, 
and  iu  some  cases  even  after  from  twenty  to  forty-eipbt  days. 

Once  recovered  fi^)m  the  disease,  the  affecte<l  imlividuai  enjoys  im- 
munity for  a  certain  leng^th  of  time. 

The  poison  which  the  cholera- spirilla  produce,  and  wliich  mainh-  causes 
the  iijTnptftms  nf  clioloru  infection,  is  unknown,  (tarnaleia  believes  that  it  is 
a  nndoo-alhumiu,  Sc-IicpU  that  it  is  a  peptone  (eholera  Inxopcptone).  Pfeiffer  is 
vf  the  opinjun  that  it  is  n  compuneat  part  of  the  eell-botly.  Ennnerioh  and  Tsu- 
lM)i  seek  to  iir4>ve  tliat  the  nioHtiil  plieiioinedrt  in  <'holeni  are  due  to  a  nitrite- 
poisoningr.  They  call  attention  to  (he  fact  that  nitrites  in  small  doses  eanso 
retchiner,  vomitiTig,  discharge  nf  thin-cruel  fieces,  fall  of  temperature,  weakness 
of  the  heart,  eyanosis,  ami  cramps  of  the  extreniilies  and  muscles  of  the  neck  — 
iu  other  words,  svniptonis  reseniblinji;  an  attack  of  <;holera  ;  and,  moreover,  that 
the  choKTa-Kpiriha  are  able  to  make  nitrites  oat  of  the  nitrates  contained  in 
nutrient  substances. 

The  viniiencf  of  cholera-cuhtirfx  rlifftrs  rprrniUj,  iiccordinfr  to  the  source  and 
the  0^.     With  increasing  a^fc  the  vii-ulcni-e  decreases.     Quinea-pigrs,  althun^h 
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very  misceptible  to  intraperitoneal  infection  with  cholera,  may  be  protected  from 
infection  by  intrHperitoneul  inoculation  with  attenuated  cultures;  but  no  abso- 
lute inimvinity  c^n  be  brought  about  in  this  way.  Blood-seruui  of  human  bein^ys 
tliiit  have  recovered  from  an  attack  of  cholera  shows  protective  properties  for 
guinea-pig^s  some  weeks  after  the  attack. 

The  piwluctiou  of  the  nitroso-indol  reaction  in  (■ultures  of  the  cholera- 
spirilla  18  due  to  tlie  fact  that  thu  eh ulcrn- spirilla  not  only  piXKluce  indol  in  pep- 
tone solution,  but  also  nitrites.  For  this  reason,  nitrous 
acid  is  libcrnted  by  the  addition  of  hydr<Mfhioric  or  of  sul- 
phuric acid,  and  makes  a  red  color  with  tlic  indol.  With 
the  Kinkier  spirillum,  the  spiriUum  of  MetschnikolT,  an-l 
tlie  spirillum  of  Drneke,  whitdn  also  prnduc*^  indol.  tin-  if<1 
color  <if  the  cultures  only  occurs  when  injtassinni  nitrii- 
added  alonj;  w\th  riuly*hnric  acid,  or  wIk^d  nitrous  avid  ,.-, 
added. 

The  following  Bpirilla  resemble  the  cholera-spirilla : 

1.  SpiriHum  of  F inkier  tnul  Prior,  found  by  ih*'  authors 
named  m  the  deje<*ta  ni  persons  sufTerinic  from  cholera 
noatnift,  which  had  8t4)ot]|  tor  some  time  \n  a  vessel.  Tlie 
spirilla  are  very  nmcli  like  (he  cholera-spirilla,  only  some- 
what lon^r  and  thicker.  In  phit*'-culiures  llitv  are  dis- 
tiuguished  from  the  latter  in  that  the  small  colonies  are 
n(»t  distinctly  granular  and  ha\'«  a  sharp  contonr.  (Jelalin 
is  rapidly,  not  slowly,  li(^uelied;  and  conseipiently  after 
twenty-four  h<iui*s  a  sac-hke  tube  (Fig.  HS!H)  fille*!  with  a 
oloudy  rtwd  i.s  fomied  in  stab-cultures  and  rajndly  stpreatls 
to  the  walls  of  the  tube. 

According:  to  Fliigpre,  even  in  forty-eiffbt  hoars,  at 
rooni-temperiiture  they  form  a  ifrayish-yellow  slimy  coat- 
ing, sharply  marked  off  from  the  substance  of  the  potato 
by  its  whitish  l>ordcr;  whereas  the  cholerii-Bpirilla  do  not 
grow  at  room -temperature  at  all,  and  at  a  higijer  tempera- 
ture form  a  brown  coating'. 

They,  mortMiver,  cause  a  foul-smelling  decomposition 
an<l  are  mther  resistant  t<i  drying.  When  introduced  into 
the  intestines  of  guinea-pigs  by  the  method  above  de- 
scribed, they  opei*ate  similarly  to  the  cholera-spirilla,  but 
less  inten8(4v. 


Pift.  383. 
in  gelatin. 


-Stab-eultore  of  the  Finkler-Prior  bacillus 
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It  is  very  questionable  whether  the  Finkler-Prior  spirilla  have  pathological 
signiflcance  for  cholera  n^wtras.  since  the  dejecta  from  which  the  invi'stigalors 
made  their  culture  were  not  fresh,  and  other  authors  in  similar  eases  Irnvt*  not 
found  the  spirilla.*  Knislf  tound  them  in  the  contents  of  the  cceeum  of  a 
suicide. 

2.  Spiritium  t^rogenum^  found  in  cheese  by  DonekeJ  in  Fliigge's  Institute, 
is  also  very  nmch  Uke  the  cholera-spirillum,  but  it  i»  somewhat  smaller  and  the 
long  spiral  threads  are  more  narrowly  wound,  t'ldtnres  on  gelatin  jflates  form 
at  first  sharijly  c<mtoured  disks  that  appear  durk  with  lower  magnifvmg  powers. 
They  liquefy  the  gelatin  much  more  quickly  thiin  do  the  Koch  spirilla.  In  the 
line  of  puncture  they  behave  similarly  to  the  Finkler-Prior  spirula,  but  do  not 
grow  on  potatoes. 

3.  Spiriltum  sputigcnum  is  a  spirillum  whose  shape  is  that  of  a  cur\'ed  staff, 


18S9. 


Kartulis,  *'Zur  Aetiologie  dcr  Cholera  nostras,"  Zcitschhft /,  flyi?*,  vi., 
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somewhat  longer  and  thinner  than  the  cholera-spirillum.    It  occurs  in  saliva 
and  cannot  be  cultivated  on  the  media  that  are  in  use. 

4.  Vibrio  ofMetschnikoff*  is  a  fission-fungus  that  Gamaleia  was  able  to  isolate 
in  an  epidemic  of  chickens  in  Odessa  which  was  characterized  by  the  appear- 
ance of  diarrhoBa  and  enteritis.  On  cultivation  it  shows  very  great  resemblance 
to  the  Koch  spirillum.  The  ^irillum  is  most  easily  obtained  pure  by  inoculat- 
ing pigeons  with  the  blood  of  diseased  chickens.  The  pigeons  aie  in  from  twelve 
to  twenty  hours  and  show  the  spirilla  in  the  blood  and  in  the  intestinal  tract. 

§  192.  The  Spirochaete  Obermeieri  (Fig.  384)  is  found  constantly  in 
the  blood  of  patients  suffering  from  relapsing  fever,  during  the  attack 
of  fever,  and  their  multiplication  in  the  body  is  the  catise  of  the  disease. 
It  is  from  16  to  40  f*  long  and  possesses  numerous  turns.  In  a  fresh 
drop  of  blood  it  exhibits  lively  motion.  Carter  and  Koch  succeeded  in  pro- 
ducing the  disease  by  inoculating  apes  with  the  spirochaete.  But  nothing 
definite  is  known  as  to  their  development  and  their  habitat  outside  the 
blood.  It  is  also  unknown  where  they  or  their  spores  are  to  be  found  in 
the  afebrile  stages  of  the  disease.  In  apes  an  attack  of  fever  occurs  only 
after  several  days  have  elapsed  since  the  subcutaneous  injection  of  blood 
containing  the  spirochaete.  According  to  the  pathologico-auatomical  re- 
sults observed  in  man,  it  is  to  be  noted  that 
the  spleen  is  enlarged  and  often  contains  nu- 
merous yellowish  foci  of  degeneration,  and 
often  also  aneemic  infarctions. 

Fio.  384. — Spirochaete  Obermeieri  from  the 
blood  of  a  person  suffering  from  relapsing  fever. 
(Prom  a  dried  preparation  treated  with  methyl 
violet.    Magnified  500  diameters.) 

Ac(!ording  to  the  investigations  of  Nikiforoff,  the  histological  exam- 
ination of  the  spleen  reveals  extensive  necrosis  of  cells  and  cell -degenera- 
tion, as  well  as  exudation  of  fibrin  in  the  veins  of  the  pulp  and  h>'per- 
plastic  processes  in  the  cells  of  this  part  of  the  spleen.  Moreover, 
numerous  large  pulp-cells  inclose  decolorized  red  blood-coqmscles  or 
fragments  of  tliese.  Finally,  numerous  spirilla  are  found,  especially  in 
places  which,  while  not  entirely  necrotic,  nevertheless  contain  degenerated 
and  necrotic  cells,  j>artly  free,  partly  inclosed  in  leucocytes.  Of  the  re- 
maining cells  some  are  well  preserved,  while  others  are  just  beginning  to 
show  signs  of  disintegration. 

For  staining  this  variety  of  spirilla  in  preparations  dned  on  cover- 
glasses,  alkaline  methylene  blue  and  fuehsin  are  most  suitable. 

*  Gamaleia,  "  Vibrio  Metschnikovi  et  ses  rapports  avec  le  microbe  du  cholera 
asiatique,"  Ann.  de  VImtitut  Pasteur,  ii.,  1888;  iii.,  188Jt ;  and  Pfeiffer,  *' Ueber 
den  Vibrio  Metschnikovi  und  sein  Verhaltniss  zur  Cholera  asiatica,"  Zeitsch.  f. 
Hyg.,  vii.,  1889. 


SECTION  X. 

MouLd-fungi  and  Yeast-fung:],  and  the  Pathological 
Tissue-changes  Caused  by  Them. 

§  1[)8.  Mould-fungi  ami  yeast- or  budding-fungi  bftlnngtothe  non- 
cliloroijhyl-heariiii^  thaUupbytes,  ils  the  fission-fuugi  ilo.  They  have  no 
ut'ar  L-ouinidiiin,  purtlf^uhirly  in  the  ]>ijyl<)genetii.'  bfiise,  witl»  the  fissiou- 
fiiiitri.  0]»  the  uther  hiiml,  tht\vsUin<l  iu  verj'  close  relationship  witli  one 
Hiiothii'r  (Bri'fi'ld,  Naguii,  dr  Hary). 

Moiihl-fimgi  ttud  yeast^fuiipi,  like  the  fissiou-fnugi,  m*e  compelled  to 
derive  their  mitrition  fmm  organic  sulistanoMS  oontftiiiinif  carbon.  The 
majority  liiid  it  iu  deiul  orgaui".*  j^u)>stuiifes,  and  therefore  belong  to  the 
mprophijks.  Some  of  them  are  capable  of  deriviujif  nutrition  from  living 
ti.ssiu's,  and  are  to  be  cbissed,  ocen-sionally  iit  any  rate,  as  jHtrtisiies,  In 
huinaii  Iteiiigs  IhMIi  kinds  oeeur. 

Outside  of  the  organism  the  numld-fungi  are  universally  known  as  the 
pi*odiU'erji  of  the  ilifferetit  nirmhly  eoverint^s  tliat  s<i  often  develop  on  or- 
l^auic  subKtaiieeH.     They  belijii<;  t*>  vai'ious  gi*oups  of  fungi. 

The  yeiist-fungi  are  the  produ(;ersof  alcoholie  fermentation  and  they 
form  the  senm  on  tlie  top  of  aU'oholie  beverages. 

Thi^  BVHtHinatit;  chii^^iniMitLou  of  the  thulJophyteK  huH  expetieuoed  many  alt«r> 
ations  in  recent  years.  Fdrmerly  they  werr  dividt^d  into  altrfl\  licliens,  and 
fungi,  the  distinetion  heing  hfiaeil  mainly  upon  peculiarities  of  habit  and  upon 
differences  of  outward  ap|>earance  and  tjhmI*?  of  lite.  Subsequently  not  only 
were  the  mori)holo^cal  relati^n.s  of  gr<»wth  exphiined,  but  the  sexual  organs 
were  found ;  and  in  many  eases  it  was  found  possible  to  follow  the  entire  history 
of  development.  After  this  the  tendency  \va«  to  classify  some  groujis  of  fungi 
with  the  algje— namely,  the  non-ehl«n>phyI-bHaring  fomi)*  that  are  niurpholog- 
ieally  similar  to  the  chlorwphyl-bearing  thallr>phytes.  Accrtrding  to  de  Bary, 
hf»wever,  this  niorpljoloffieal  analojfv  is  of  a  secondarj'  nature.  The  funjn  fonii 
for  themselves  a  morphologienl  cycle  that  lias  no  near  relationship  to  the  bac- 
teria. 

Brefeld  ■  expresned  the  opinion  that  different  yeast-fungi  are  only  conidia 
forms  of  various  other  fungi  which  can  multiply  by  endless  budding  in  and 
upon  nutrient  solutionn.  He  l)ases  hi.s  opininn  upon  the  faet  that  different  fungi 
—for  exaniple,the  fungi  causing  blight — can  increase  for  a  long  time  by  yeast-hke 
budding  without  being  transformed  into  the  other  form,  and  that  these  ferments 
are  morphologically  Uke  the  common  yeagt.  Wliether  they  also  phyaiologicnlly 
resemble  it  he  does  not  say,  and  eousequeutty  the  possibility  that  the  budding 
fungi  form  an  independent  type  is  not  excluded, 

Acoonling  to  de  Baiy  and  Reea,  the  budding  ftmgi  are  to  be  reparde^l  as  a 
gnecial  type,  and  are  to  be  put  in  near  relationship  to  the  aacomvpetes.  Nageli 
also  recognized  the  independence  of  the  budding  fungi  and  sought  their  nearest 

•  "  Botanisohe  Untergnchimgen  iiber  Hefenpilze/*  1683. 
S23 


Fio.  3S5. — Hypha?,  conidia,  uid  epi- 
thelial cpHs  iVom  a  fresh  specimen  of 
favus.     (After  Neumann.) 

FiQ.  386.— From  a  deposit  of  apfath» 
on  the  tongfUf  of  a  man  who  died  of  ty- 
phoid fever.   (Magnified  300  diameters.) 


ical  tir  lonir  oval  or  sliort  fvlindriral  ct'lls,  wiiich  often  hang  together  like 
a  rosary,  are  ealled  spoius  or,  better,  conidia  spores  (Pigs.  385  and  386). 
Fmctiftoatiun  on  special  fmit-l>eai*ers  inside  the  body  is  only  rarely 
observed. 

The  mcndd-fungi  are  partly  sapropliytes  and  partly  parasites,  and  are 
found,  with  but  ffw  exceptions,  oidy  in  loealities  exposed  to  the  oul*iide. 
as  on  tlie  skin  {Fig.  oS'i).  in  the  intestinal  canal  (Pig.  388),  in  the  re- 
spiratory apparatus,  in  the  external  auilitorv  passage,  in  the  vagina,  etc. 
Only  exoeptionally,  aud  under  special  eonditions,  do  ihey  i>enetrate 
to  the  internal  organs,  a**,  for  exauipln,  the  bniiti.  It  is  clear  that  the 
living  tissufs  tyf  tlie  human  orguuisiu  do  not  uffnrd  a  suitable  nutrient 
medium  for  the  mould-fungi,  and  the  linng  activity  of  the  tissne-eells 
for  the  most  part  does  not  allow  dm  t'hipment  und  nmlliplioati<m  uf  these. 
The  need  for  oxygen  does  not  allow  th*'  nmuld-fungi  tit  develop  in  many 
tissues,  aud  lh<*  liody-teiiiju-niturfis,  nior(M-)Vt*r,  t<io  high  for  many  of  these 
fungi.  The  chemicid  eontposilJon  of  the  tissues,  also,  does  not  form  a 
favoniblr  uiixtui-c  <»f  nutrii-nt  nnitcrial  fur  the  mould-fungi. 

In  griicral  tlit^  yeast-fungi  find  ii  drfirjencyof  tViTuentable  saccharine 
fluids  in  tiit^  organism,  <.)rdy  in  the  iiiii]M*r  part  of  the  intestinal  canal — 
e.g..  in  the  .'^toumeh,  and  also,  in  dialw^tes.  in  the  bladder — do  saeehanne 
fluids  renmin  huig,  and  in  these  situations  d^n-elopment  of  budding  fungi 
and  aleolndic  fermentatiitn  can  take  place.  In  the  stomach  budding  fungi 
are  almost  always  to  l>«*  found. 

In  .solutions  mntainiug  su^rar  the  budding  fungi  pnidnce  oval  cells 
(Fig.  387).    Keproduelion  takes  place  by  means  uf  budding  aud  eoustric- 
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Fro.  387.— .SfwcAfl- 
romyces  elliiMiouieits. 
(Magnified  400  dia- 
meters.) 


They 


are 


tion  (Fig.  387) — i.e.,  <m  auy  porrion  of  tlie  mother-cell  thei-e  arises  an  ex- 

creweiiee,  wliieli  is  confitnotefi  off  after  it  has  attained  the  size  of  tiie 

uiollier-cell.    Under  eertaiu  enmlitions  the  eells  can 

grow  out  into  thretidM,  i)ut  no  subse(juent  segiueuta- 

tion  takes  place  in  these  threads ;  jointed  threads 

result,  from  Iniddinii!:  (Cienkowsky,  tlrawitz).     Di- 

]ut<*d  nutrient  fluid  favoi*H  the  forniution  of  threa*h?. 

Mould-fungi  that  grow  as  saprophytes  oeeiir 
most  fi-equently  in  the  ahmentury  canfil  in  man,  and 
here  again  nu>st  frequently  in  the  mouth,  thiuMit,  and 
^jiHophiiffus,  and  (ievelop  hei-e  j)artieularly  in  the 
8ton»aeli  when  inf^esta  renniiu  a  loufc  time,  or  in 
tiu'  mouth-L-avily  when  Uesquutnated  cells  uri-ntnti- 
hitc  and  intx^rferH  with  the  function  of  the  organ  in  question 
reeognizable  V\y  the  forniatittu  of  threads  and  conidia. 

In  thf  fixirntal  ("fir-piissmjc  the  nionld-t'nngi  are  especially  ajit  to  gi-ow 
in  abnormal  masses  that  ftll  up  the  passage  and  tliat  consist,  in  some  in- 
HtanceSj  of  the  seerctiou  of  the  sehaceous  glandr?  of  the  ear,  in  others  of 
inHamniatory  exudates  and  desquamated  epithelium,  and  in  still  others 
of  substances  intn»duc4»d  ft*om  without. 

Inside  the  Jmuj  the  nionld-fungi  oeiuisi  on  ally  grow  in  the  ne<M*otic  walls 
of  cavities  fonnetl  by  disintegration,  such  as  *»ccnr  esiH-cially  in  tuber- 
culosis, and  they  also  grow  in  necrotic  and  gangrenous  hioraorrhagie  in- 
farctitms.  In  the  region  of  the  air-i)assagHS  they  an*  oftenest  observed 
in  l)roni'lii-et.rtases. 

In  the  intestinal  canal,  as  well  as  in  the  ear  and  in  the  lung,  the 
mifuld-fungi  usually  form  white  depo.sits  on  or  in  the  tissues.  On  the 
appearaucettf  t'rui!titication(uiKui  special  fruit-Iieurers)  they  may,  however, 
in  places  present  a  brown,  gray,  or  black  ai)pearance.  In  the  intestinal 
canal  beverages  and  foinl  may  givt-  thnu  various  colors. 

All  of  (best  fungi  have  their  habitat  iirst  in  dead  material,  but  they  may 
penetrate  thence  moi-e  or  less  widely  into  U\'ing  tissue ;  and  cases  have 
been  observed  in  whi4'h  they  had  even  pt^nctrat^d  into  the  cintiilation  and 
were  carried  by  tlic  bhMMl-curreiit  U*  distant  organs.  Thus  the  fungus-. 
growth  callcil  aphthffit  "which  appears  mostly  in  the  cavity  of  the  mouth, 
the  throat,  the  (es(»phagus,  nmn*  sehloru  iti  tht^  stoma<*h,  in  the  small  in- 
testines^ and  in  the  vagina,  ami  on  the  nipple  of  the  bi-east  of  nursing 
women,  caimot  be  regarded  as  a  puix*  parasite,  but,  on  the  contrary',  as 
a  pai'twif'ic  fjmtrth  which  ]ipni'tnites  into  living  epithelium  (Fig.  388,  r) 
and  t'vcu  into  tin'  cunuertive  tissue  lying  below.  It  is  tnn>  that 
aphtha?  for  the  most  part  occur  only  in  depleted  sick  i>ersous  who  are 
no  longer  able  to  I'leansc  the  mouth,  thntat,  and  oesophagus,  and  whose 
condition  of  nutritiim  has  suffi-n-d,  as  well  as  in  suckUugs.  Consequently 
special  local  priniar^^'  conditions  are  necessaiy  for  its  development,  and 
tlie  primary  colonization  af  the  fungus  pn>bably  occurs  in  substances  that 
have  died.  Still  an  active  penetration  into  liWng  tissue  takes  plae43 
{c,  rf),  and  from  these  portals  of  invasion  even  metastases  may  develop 
in  internal  organs.  Tims  Zenker  observed  fungus  threads  and  eonJdia 
in  an  abscess  of  the  Imiin,  and  Paltauf  report^^l  a  case  in  which  a  mould- 
fungus  was  conv»'ycd  from  an  intestinal  ulcer  to  the  brain  and  lung. 
Sdunorl  described  aphtlm*  metastases  from  the  kidneys. 

The  mould-fungi  which  gri>\vin  the  lung  do  not  always  <'ont^ne  them- 
selves  to  tissue  that  has  died  out  or  to  tlie  interior  of  the  bronchus;  they 


Fl4i.  .'{88. — 8*»ction  through  mi  aplithtp- covered  (esophntrus  ()f  a  xmall  child. 
(t,  Normal  epithelium ;  b.  Connective  tissue;  c,  bwolleu  and  uesquamitU'd  epithe- 
lium pprraeaU^d  with  the  growth  of  fungus  threadK;  rf.  Epitlioliiini  inl^itrated 
■with  i-ellK;  e,  Masses  of  etK-ri  and  bapilli ;  /,  Cellular  fcwus  in  th**  cnnnective 
tiB8ue.  (Prt'pai-ation  hardened  in  nlcoho],  stained  with  carmine  and  also  ac- 
cording tn  Gram's  method,  and  mounted  in  Canada  balBum.  Mugnilied  UH) 
diameters.) 


Lot'al  folouizfltiouK  of  luoiikl-futi^i  which  peuetraU*  into  lix-iiiff  tisane 
**xei-t»i»e  a  nioiv  or  less  (MHisJderMble  irritjitiou  in  tlie  iieiifhiioriitMKl.  and 
*-aus4'  dejjeiu-ratioii  (Fip.  HS8,  r)  and  iiiftanimiition  of  the  tisMue.  This  ran 
he  ohsvrved  in  niyeosis  of  tht'  hmfj,  aa  well  lus  in  iiiteHtiiiid  myrosis  (r ,  </,/) 
and  n*y<sts]s  of  th4'  ear.  Whon  th*^y  have  peuetraU-d  into  the  lunjf  tlu-y 
fonn  pri'owths  which  are  similar  to  the  aetiuoiHy''<'S  TiiKlules  and  are  wu*- 
ronndeil  In*  an  aeemiiulation  of  uells  (Hoyt-e).  Their  artion,  however,  is 
idways  liiniti-d,  and,  fnrttierniore,  they  produce  no  .siibstanees  whieh  are 
injiirions  to  the  wh(>le  orpuii.sni  or  canst*  syni]dnn)s  of  poisoning;.  Tlie 
tindinp,  as  has  heen  frt*ttuently  rvport-ed,  of  niouhl-fniijfi  in  ahseessos  of 
(lie  iiit^^rnal  orgaiin  is  prohably  U>  be  interpreted  in  this  way :  that,  iilong 
with  ftssiim-fungi  which  eausc  >*u]ipiLratiinKthri''ad-fiiiigi  jfet  into  the  tin- 
sues  Hiid  thence  aUo  into  the  euvulalion.  A  |Lrcnei*al  spreading;  of  niouM- 
fiinp;i  does  not  ocmr  even  in  these  cases,  boeaiise  the  fnrther  development 
remnins  enntined  to  the  hn-Miion  of  the  metastasis. 

As  n'eent  investigations  have  shown,  the  forms  of  inonhl-fungi  whieh 
are  sapropliytie,  or  at  least  pathogenic  only  umh^r  certain  ein^nnistHnees 
and  to  a  limited  extent,  belongs  to  the  Mucor,  Asperg-illus.  and  Eurotium 
families.  Scleral  speeies liave  been  obtained  from  the  ear, and  have  lN*en 
i\i's\^UAU'i\i\s  A spnyillitsfu m hffifns {Vrf'i^v\\). A spf'rffili'fs  fi^triis iiWetft^ 
{Brefe!d,  WrechMi},  Asj}fr(fif/tts  tiit/fr  sive  nif/rirnus  |  vaii  Tieghera,  Wre<1eti, 
Wilbelni}.  Aspn'ij'}}ius  nitfufttus'  (?]id»ni!.  Kurotinm  mofhfmim  (Lindt),  Muror 
rorf/nibifer.  a]id  Trifh*4hffUiUi  rosnttii ;  and,  so  far  as  is  known,  these  ore 
the  same  s]»ecit^s  whitdi  oce-a^ionally  4H*cLir  in  the  n^Hpirat^)!*}'  ax>pai'atuK 
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In  most  oases  the  kind  of  inoiild-fiingiis  cannot  be  immediately  deter- 
mine<l :  it  is  first  necessary  to  make  cultures  of  the  fiingiis  iipoii  snitable 
nutriKUt  mniia — siieb,  t\n'  example,  a^i  a  deeoeti<tn  of  bread,  or  au  infu- 
sion of  bread  with  agnr-ugar,  potatoes,  gelatin,  etc.  On  tliese  the  couidia 
wliiiih  are  f^own  jrrow  out  to  fj^crminal  tubes,  aiid  form  simide  or  brani-biiiiji; 
uni*!i-Uular  or  niiilliot'ilular  threads  on  whioU  the  peculiarly  constructed 
fruit-bearers  eliaraeteristic  of  the  species  arise  and  eventnaJly  produce 
conidia.  Many  form  spftres  by  copulation  of  ceUs  of  mvcelia,  and  this 
happens  especially  when  the  supply  of  oxygvu  is  lessened  (ferefeld,  8ieben- 
muun). 

In  the  iniieor  varieties  llicre  appear  special  fniit'lmtrprs  whii'Ii  differ 
in  the  different  species — at  one  liui«  having  a  single  stem,  at  another  Ix-ing 
liranchcd  (Fig.  ;i89,  c] — and  on  the  ends  of  which  hntton-like  swellings 
develoi).  It  is  from  these  knoli-Uke  ends  that  sporatrtjia  (</) — i.e.,  globnlar 
vesicles  tilled  witli  couiilia  spoirs — grow. 

M»€Of  fori/mfiifrr,  for  example,  forms  branching  fruit-bearers  (Fig. 
1^87,  r).  The  sporangia  on  the  ends  possess  a  sniootli  membrane  and  in- 
close at  the  time  of  npeniug  yellowish  eouiilia  spures. 

The  aspei'gilli  form  vouidin-htHrfrs  which  swell  out  spherically  above 
and  thi-n  proiluee  imnu-rons  nUrigmata — i.e.,  pedieje-likeoutgi'owths,  ratU- 
jdly  arranged,  thickly  crowded^ 
shooting  out  from  the  upper 
half  of  the  sphere.  Each  ste- 
rigma  subsequently  has  at  its 

end  a  ilmin   of  rouiditi    sport's  \<        ^^^        Md 

(Fig.  ;t9n,  a,  h)^  which  owe  their 
formation  to  a  eoustricting 
process. 


iff- 


Fig.  389. — Mumr  confmhifer  in 
fructiftcatioTi.  «,  Aerifd  hyplue; 
6,  Mycelium  hnng  within  the?  nu- 
trient gelatin  :  c,  Brauching  fruit- 
bearers  ;  rf,  SjHiraiigia.  (Prepara- 
tjiui  from  a  nilture  made  ou  a  ^lass 
slide.     Magnifietl  100  diameters.) 


The  hotanintl  position  of  the  ttphthit-fittufits  is  still  donbtfnl.  Formerly 
it  was  called  O'ldinm  nihiranSj  and  reckoned,  conse<piently,  with  the  fam- 
ily OTdiuni,  which  occurs,  in 
dilTerent  species,  upon  orgauio 
substances  in  the  form  of  do^vny 
coatings.  When  cultivatedfrom 
conidia  it  produces  h>7>hte, 
whirh  become  jointi'd  ami  form 
conidia  l>y  transverse  division 
of  the  thi-eads.  but  form  no  pe- 
euUai"  f  ruit-hcarei's. 

Fro.  390.— Hvpli«  of  Asper^l- 
/«s/MmiV;(ilr(,'*,wituconidia-l)carers. 
fl,  Friiit-lieads  in  optical  cposm- 
sectioii;  h,  Fnii(-hcads  seen  from 
abovu.  (Magoilied  300  diameters.) 
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Aocoi-ding  to  Rees,  Grawite,  and  Ke)irer,  the  aphthep-fimgus  grows 
bj'  budding  and  by  the  gniwiug  out  of  luyceHft  aiul  c'(»nidiH,  which  in  turn 
produce  at  their  ends,  by  a  process  of  constriction,  new  conidia,  in  a  man- 
lier similar  to  that  wliieli  takes  place  in  the  yea.st-t'tnigri  which  belong  among: 
the  niould-fuugi.  CousequeuUy  tliis  fungus  slioidd  bo  termed  Mi/rotUrwa 
alhiviiHs.  Linossier  and  Roux  ai'e,  however,  of  the  opinion  that  the 
aphtha'-fiiufrnH  does  nnt  bel<Mi^  at  all  to  the  saccharomywtes  and  they 
regard  its  pi-ojK'r  classiticuli<m  at  present  as  impossible. 

Accordinjr  to  Plants  it  is  idontiijid  \rith  a  mould-fun^is  {Mottilia  can- 
dnUt)  wliich  very  fi*equently  appeare  iu  natiire.  Kehrer  suspects  that 
it  is  a  8pe(!ies  of  a  higlier  fuugris  that  has  become  degenerated  by 
parasitism. 

According  to  Neumuyer,'  all  kiudft  of  yeasts  Bto  able  to  resBt  the  effects  of 
the  digestive  juices  and  can  travel  through  the  intestinal  caual  of  human  beings 
without  beiug  killed.  Unless  some  fermentable  mibstauce  Is  introduced  at  the 
same  time  they  arc  entirely  harmless.  They  only  exert  some  action  on  the  in- 
testinal c^nal  when  fermentable  uubstanecs  are  introduced  along  with  them, 
and  then  abnormal  products  of  fermentation  result  which  act  as  an  irritant  on 
the  intestinal  eanal. 

Aspergiiius  fuinigatvs,  A.  Jiavescensj  A.  nidulans,  Eurotium  maliff?iumt  Miicor 
rhisopodiformiSj  M,  cortftnbiftry  M.  pu8iUu.s,  and  M,  rantostts  flourish  at  body-tem- 

ferature,  and,  according  to  the  investigations  of  Koch,  Lofflcr,  laohtheirii, 
liickel,  and  Lindt,  wlien  the  conidia  of  these  are  put  into  the  blood-current  of 
animals  they  grow  out  in  the  tissues  and  form  hyphie.  Bnt  there  is  no  new 
production  of  t'onidiu,  and  consequentlv  no  ])i*ofjre88ive  infection  of  the  animal 
cxteuding  beyond  the  area  within  which  the  spores  have  been  introduced.  Co- 
nidia  of  Mucor  rhizopodifonuis  and  Numr  cort/mhifrr,  when  inlrotluced  into  the 
blood-current  of  rabbits,  grow  mainly  in  the  kiduevs  and  in  the  lymphatic  ap- 
paratus of  tlie  intestines,  where  they  cause  hicmorrhagic  inflannnati4ni. 

Aspeixiliiiy  mycoses  of  the  respirator>"  apparatus  are  not  rare  in  animals, 
especially  oirdfi,  and  the  g»\iwth  of  the  mycelium  causes  neci*osi«of  the  tissue 
and  infiammntion.  According  to  Chautemesso,  Asperffiiius  futrnffatiis  causes  in 
doves  a  disease  of  the  mouth,  lungs,  liver,  ami  kidney.  The  two  former  affec- 
tions are  not  unliku  diphtheria,  while  the  two  latter  closely  resemble  tubercu- 
losis, and  may  conjirquently  be  called  jtseudoluhercuhsis  nnjjerffillina.  Accordinjp 
to  Polain,  the  infection  may  be  trangfeiTCil  to  man  and  cause  ulcerative  disease 
of  the  lung. 

Eurotium  and  Aspergillus,  according  to  Siebenmann,  are  two  different  fam- 
ilies, ha^igr,  however,  very  great  similarity  with  each  other,  since  both  the  my- 
celium aiui  the  cimidia-bearers  are  similarly  formed.  The  maiji  differences  be- 
tween the  two  consist  in  that  Eurotium  priKluces  peritheeia  in  the  form  of 
glistening^  light-yellow  or  snipImr-yeUnw,  translucent  bodies  the  size  of  a  grain 
of  »and,  that  are  delicate  and  easily  crushed.  These  develop  continuouBly  until 
completely  mature  spores,  capable  of  germination,  are  formed.  On  the  other 
hand,  the  genuine  Aspergillus  forms  a  hard,  wootly  sclerotium  usually  embeilded 
ill  a  thick  w  liite  matted  ma.ss  of  myceha.  Tlie  development  of  these  takes  place 
in  two  periods.  The  second  part  of  the  development  takes  place  oidy  when  the 
sclerotium  finds  a  lodgment  upon  a  moist  Bubsti-atum  (van  Tiejjhem,  SieWn- 
mann). 

AsprrfiiUm  flavuti  of  Brefehl  {Furotium  nspergiltus  fiavus  of  de  Bary)  forms 
ffolden-yellow,  greenish,  and  brown  ^o^wths;  the  fruit-heads  are  round,  yel- 
low or  olive  green  or  brown ;  eonidia  nnind,  seldom  oval,  milphur  yellow  to 
browi»,  with  minute  warts  on  the  siirface;  diameter  5  to  7  jt.  A^ptrgilht^  fumt- 
ffatttti  of  Fresen  {ApjierpiliitJi  mgrfsccns  of  Robin)  forms  (greenish  or  bluish  or 
gray  growtlis;  the  rruit-lieads  are  long  and  shaoeil  like  an  inverted  tenpin; 
the  couidia  are  round,  siddom  oval,  smooth,  mostly  clear  and  colorle!« ;  di&me- 

•  "  Uutersuchungen  iilwr  die  Wirkung  der  verschiedenen  Hefearten  anf 
den  tbierischen  und  menschlichen  Organisraus,"  ArcKf.  Hyg.,  xii.,  18^ 
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ter  2.5  to  3  ji.  AsiiergilUis  uiffer  of  van  Tieghem  {Eurotium  tufpergtVutt  niger  of 
tie  Bary)  forms  dark  cliocolate-brown  growths;  the  conidia  are  round,  brown- 
ish bbick  or  gravish  brown  when  ript*,  surface  smooth  or  "with  warty  thicken- 
inps ;  diauiet<.'r  3.6  to  5  fi. 

Aspt^rgillus  can  develop  up<in  thn  injured  sclera  and  bring  about  purulent 
inilamiuRtion.  Leber  *  cidtivated  it  upon  the  sclera  and  in  the  anterior  eliainber 
of  the  ej'f  of  rabbit's.  Finally,  aapergilius  also  anpeart;  in  the  pelvis  of  the  kid- 
nev.  Babes  f  found  conidia  and  hyphic  of  a  tnread-funguB  in  uloera  of  the 
akiu  which  were  covered  by  ticabsj  and  gave  to  it  the  name  Oidium  subUU  outia* 

§  19.>.  Thread-fungi  are  to  be  ref?arded  us  causes  of  disease  in  a  few 

affections  of  the  skin;  tJiut  is,  in  farits,  htrpes  toii.'iuratts,  pittjriash  rersi- 
rolor,  stfcosh  puftisitrtritt,  and  in  ouijehomycfms.  In  all  tif  these  tliseai^es 
the  epitlielial  jiarts  of  the  skin  contain  eolouizatious  of  liyplia?  and  co- 
nidia, and  there  reiuaiu.s  no  doubt  that  their  preaeuee  cau8es  to  some 
extent  hyperplasia  and  intiaiumation. 

The  fungus  of  favus  (Fig.  385)  is  usually  eidled  Achorion  Schonleini ; 
it  was  discovered  by  8cbonlein  in  tlie  year  18^9. 

Fm'Hs  {tinea  favosa,  srall)  has  its  habitat  especially  in  the  hairy  por- 
tions of  the  skin  of  the  head,  more  wldoni  on  other  parts — for  example, 
iu  the  substance  of  the  nails.     It  is  characterized  by  the  formation  of 


.>^^A^:- 
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Fig.  391. — Fams  gcntnlum.  a.  Free  border  of  the  Bcutulum ;  fc,  Bead,  homy 
layer  ;  c,  d,  Mycehal  threads ;  e.  Conidia ;  /,  Epithehiim  j  p,  Papilla  of  the  skin  ; 
h.  Cellular  infiltration  at  the  basifl  of  the  soutulum  ;  4\  Cutis.     (After  Neumann.) 

disks  {faiHui  ariilNh).  varying  in  size  from  that  of  a  lentil  to  that  of  a 
nickel,  is  sulphur  yellow,  and  indented  and  jiieivetl  by  a  hair.  In  an 
abortive  course  it  may  merely  form  scales,  like  herpes. 

According  to  Kaposi,  tlie  favus  scntnlum  originates  as  a  small  puncti- 


■  Glee's  Archiv,  xxv. 
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fonu  yellow  focus  lying  under  the  epidermis  and  penetrated  by  a  liair. 
It  ffrows  to  till'  size  of  u  lentil,  aud  foniis  tlicn  a  stilplmi*  yellow,  dimpU*d 
disk  showiTig  thnnijjh  the  uppi^r  skin.  The  seutuliini  (Fi^.  l\9\)  rf>ii.si?it.s 
of  fungus  threads  autl  <*oriidia  ^poivs  and  lie*  in  a  shallow  fiiiiuti-shape*! 
depression  in  the  skin  under  the  homy  layer  of  the  epidermis,  whieh  is 
drawn  apaH  (tliis  does  not  appeiu'  in  the  drawing).  If  the  inatss  ia 
removed  duriujLT  life  the  eaWty  shows  a  red  wat-ery  surface.  Tlut  favus 
itself  forms  a  white,  only  slightly  eohci"ent  mnss  whieh  can  he  easily  dis- 
integrated in  water. 

If  the  s('utnlH  are  not  removed  they  join  t"iretlier  and  form  large 
masses.  If  the  epidei-mis  layer  is  di-'squamated  the  favus-inass  becomes 
fi-ee  and  dries  up  tn  yellowish-white,  innrbir-likr  ma.^scs.  Tin-  hairs  ap- 
pear  lustreless,  as  if  dusty,  and  are  easy  to  pull  out,  sinee  the  fuuj^s 
inveelia  and  ennidia  in-tiftrate  into  the  liair-shaft  luid  iat-o  the  bidb  (Fig, 
392,  a),  as  well  hs  into  the  folliele  (h). 

Not  only  can  the  hair  be  made  U*  fall  out  i>y  the  ^iiwth  t>f  the  mass 
of  funjri,  hut  the  papilla  may  undergo  atrophy  under  the  pressiuv  of  the 
aeemnulation  of  the  mass  fjf  funjri-  SimultanMoiisly  a  mow  or  Ihss  in- 
tense inHamumti*>n  appears  in  the  nrighltorhood  <»f  the  hair- follicle,  and 
this  inriammation  may  assume  the  fliaraeter  of  an  eezema. 

If  ai'liorinii  ('olonizt's  upon  a  nail  {onifrhamtjctmn  favosa)  it  forms 
sul[>hur-yellow  de])osits  or  nniforin  tliiekeiiiu!?,  with  simultaneous  hM>Hen- 
in^  anil  chei-sy  degi^nuratiun  of  the  paivnehyinii  of  tlu-  muL 

Trichophyton  tonsurans*  the  fungus  of  herpes  tonsurans,  eousists 
of  long,  nam)w  threads,  but  little  branching  and  with  few  couidia;  it 
forms  no  seutulons  nodules,  hut  pi'uetrates  easily  into  the  hair-shtift 
and  unikes  the  hair  brittle.  Accordiuij  to  wlicther  the  herjies  devi'lops 
upon  Iniiiy  surfaces  or  upon  surfaces  devoid  of  hair,  it  shows  cert^iin 
diffcrrnees. 

iltfjtts  toiistiftnts  cftpilfitii  forms  bon*  disks  Avhieli  vary  in  size  fiiJin 
that  of  a  live-cent  pieee  to  that  of  a  silver  dolhir.  These  spots,  in 
which  the  hair  is  broken  oif  sliort,  look  like  jihices  where  the  hair  has 
been  badly  cut.  Thr  surface  of  thi-  skin  at  these  spiit.s  is  smooth  or  cov- 
ered with  scales  and  reddened  on  the  bonier  of  the  disk.  If  the  fnngns 
threads  ])cnetratx^  into  the  hair-foUidr,  pustules  and  scales  are  formed. 
Such  disks  itiay  ap|>ear  at  various  places  and  constantly  incre^ise  until 
Jfiually  a  eurc  takes  place. 

On  places  devoid  of  hair  herpes  forms  vesicles  {herpes  tottKurftns  vesi- 
culous), and  red  scaly  spots,  disks,  and  cifch's  (A^rywjj  tonsuratut  mpuuno- 
stts).  Occasionally  there  ajjpear  red  splits  in  a  number  of  i)laees,  which 
rapidly  spreiwl  and  just  as  rapidly  heal  iii>. 

In  herpes  tonsurans  sijuamosus  the  fmigus  is  found  between  the 
uppermost  layers  ttf  the  niudeat-ed  epidermis,  close  mider  the  layer  of 
homy  cells  {Kapi»si). 

If  tvirhojihyton  develops  in  the  nails,  the  nail  becomes  cloudy,  sciUes 
off,  and  becomes  bnttle — an  affection  designated  as  vupchomtfcosiji  ton- 

iStfrosh  jifirtmtanft  ri'srdfs  fvoia  the  fact  that  the  development  of  the 
fungus  is  accompajiied  by  an  iufhinntiaiion  of  the  hairy  parts  of  the  skin. 
which  is  more  severe  than  usual,  and  which  leads  to  infiltration  and  sn]v 
pnration— that  is  to  say,  the  fonnation  of  pustules,  abscesses,  and  papillary* 
hypci-plasia.  AccoixliuL'  to  Kaposi,  ffzftfut  wttrghmtnm  is  also  caused  by 
the  trichophyton  tonsurans.   It  occurs  especially  in  those  places  where 


TlQ.  302.— ITair  affected  with  favus.  (After  Kapoai.)  a.  Bulb  and  shaft  of 
the  hair;  b,  Sheath  of  the  hair-root  traversed  iu  au  directiuim  by  the  myeelia 
aud  conidia. 

ingf  to  H.  voH  Hobni,  impditfo  mutagiom^  an  fxantliema  eharaet^Mized  by 
pustulfs,  is  caiLsed  l>v  trichophyton  10111511171118. 

Microsporon  fur/ur,  th*-  fiitigiis  of  pityriasis  versicolor  or  dermato- 
mycosis  furfuracea.  orciirs  likewise  in  the  fomi  of  threads  and  conidia, 
vhieh  are  somewhat  snuiller  tliiin  those  of  otiier  skin-fun^i.  The  altera- 
tions caused  by  this  fuugiis  consist  of  discolorations  of  tlie  skiu  of  dif- 
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ferent  sizes  and  filiaiK>« ;  some  of  tl»e  spots  beinjr  mere  poiiiti?,  while  others 
may  be  as  larg'e  an  Ihe  pahn  of  the  baud.  ThetH^  tsjMte,  wliivb  sometimes 
are  smooth  ami  gliKti'iiinp,  and  at  other  times  dull  uiid  desquamating,  are 
sprejid  tmiformly  over  Inrg**  areas  of  skin.  Their  color  varies  from  a 
pale  yellow  to  a  dark  l>rowu  or  a  brownish  red.  They  are  found  priiioipaJly 
Qpou  the  trunk,  neek,  and  flexor  siu'faees  of  tJie  extremities,  never  on  the 
hands,  feet,  or  on  the  faee. 

Aeeording  to  investi^tious  of  Quineke,  Urawitz,  Boer,  Nanwerek, 
Elsenbergr,  Munnich,  Pick,  Knil,  Piaut,  Biro,  Sabouraud,  lifisenba^'b,  and 

others,  the  threail-funci  oeeur- 
rin^r  in  the  diseased  skin  may 
be  cultivatt'd  upon  suitable  nu- 
trient me<lin,  sueh  as  apar-agar, 
glyeerin-agar,  gelatin,  potatoes, 
blnnd-sernni,  ete. :  and  from 
the  eonidia  simple  or  branohing 
tiin-ads  frrdw  out,  which  be<'0me 
jftinted  (Fig.  393,  a)  and  form 
ehnins  of  short,  threads  (b). 
Club-shaped  fonns  wliieh  often 


a 


r 


Fio.393.— <'ultnreof  Trithophy- 
ion  totisurann.  (From  a  cuitxire 
obtained  by  Nauwerck  in  a  bang- 
ing drop  of  meat-broth.)  a. 
Branching  threads  with  lon^  joint»( 
which  have  delicate  walls ;  b. 
Threads  with  tliick-ualled,  short 
joints,  some  of  rhom  spherical. 
(Magiiiiied  300  diameters.) 


appear  in  cultures  on  the  ends  of  the  threads  are  interpreted  as  imperfect 
sporangia  by  Quincke  and  KlsenbiTij.  Tin-  Ixitnuical  |>osition  of  these 
fungi  is  still  undetermined.  Nutbin^;  <'erlain  is  known  alM)ut  tiieir  dis- 
tribution outside  the  hunmu  body  and  the  bodies  of  animals. 

According  to  Quincke,  three  tonus  of  fungus  necur  in  favus-masses. 
Two  of  these  represent  varieties  of  one  speeies  of  fungus.  El8enl>erg 
fonnd  only  two  forms,  which  he  ivgards  us  varieties  of  one  speeies.  Pick, 
Plant,  and  Biro  hold  fast  to  the  etiologiral  unity  oY  the  different  forms 
of  favus, 

Sabouraud  advocates  the  view  that  the  fungi  causing  trichophytia 
represent  entirely  different  varieties,  which,  however,  all  belong  to  the 
genus  Botrytis.  Koseidiaeli,  wlio  recently  examined  the  nmuld-fungi 
occurring  in  deep  sujipurating  inrtiinmiations  of  the  skin,  diffei-eutiates 
several  trichoi>hyton-fungi  as  the  cjinse  of  tliis  disease. 

From  the  largo  number  of  investigations  of  various  authors  carried 
out  recently  it  is  impossible  to  dediu-e  anything  with  (•ei'tainty  about  the 
number  of  kinds  of  favus-  ami  trichophytou-fungi.  Still  this  niueli  is 
evident  from  the  invcj^tigjitions:  that  the  cliaracter  t»f  the  nutrient  me- 
dium has  great  iutluenee  on  tin*  kind  of  giH)wth.  and  that  the  difference 
in  the  results  is  tn  be  attributed  in  large  ni^-asur*^  to  the  difference  iu  tlie 
nutrient  media  on  wliich  the  fungi  were  cuKivated. 

Inoculations  with  the  fungi  taken  from  cultures  into  the  skin  of  human 
beings,  rabbits,  mice,  et4\,  which  were  made  by  Grawitz,  Boer,  Munnich, 
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and  others,  p^ve  partly  i>ositive,  partly  nejrative  results.  Accoi*ding  to 
Plant,  the  iiuH'uljition  never  gives  pi>sitive  results  when  spore-formation 
has  alretuly  taki'ii  pkco  iu  tJae  cultures. 

A  form  of  akin  disease  is  described  a?  pityriasis  rosea  (Gilbert)  or  pitifriairis 
miicnlata  and  circinuatn  (Bazin),  which  is  very  similar  to  herpes  t<>nsurans,  and, 
aa  it  seemK,  is  causod  in  part  by  a  hyphotiiyeeta.  According  to  Bebrend,*  who 
sngifeats  thf  name  roseaUi  furfurtuxa  hnpeliformis^  the  disease  is  characterized  by 
iho  appearanre  of  proininetit  apota  iii'  a  rose-red  eolor,  whicli  vary  in  size  from 
that  of  a  pin's  head  to  that  ai  a  ]»ea  4tr  bean,  and  which  are  c<»vered  willi  dust-Hke 
epidermis  scales.  They  appear  nffenest  on  t!iO  neck  and  spread  thenoe  quiekly 
over  the  body,  but  leave  the  head,  the  hands,  and  the  feet  tree.  The  spots  van- 
hh  agnin  in  two  or  tlirce  days.  In  some  cases  the  scales  contain  conidia  and 
iitie  myeelia  threads. 

Von  Bftreri»pr;ui(;f  described  an  aflTection  of  the  skin  which  is  confinwl  to 
tlie  ingTiinal  and  axillarv  region,  as  eri/thraswa.  It  occiu's  iu  the  form  of  rounded, 
sharplv  bordered,  red-^rown  or  pale  reddish-yellow  spots  which  are  covered 
with  dry  bran-like  scales.  The  scales  contain  pale,  stiff,  narrow,  unbronched 
threads  witli  one  or  more  joints,  a.s  well  ns  nmall  staves  and  clumps  of  ^'nnules.t 

V^on  Uebra  $  dcM^ibed  a  peculiur  itching  diirraatosis  as  dermatomycosis  dif- 
fusa ficrorum.  It  occurs  on  tue  e)b<»w  and  bend  of  the  knee,  and  is  said  to  be 
cansed  by  fundus  elements  which  are  like  those  of  pityiiasis  verfnicolor. 

Bizzozero  II  and  Bordoni-Uffrediizzi  IT  publishfd  a  communication  on  micro- 
ph>i;a  which  occur  on  the  noruml  skin. 

On  Madura  foot  ef .  ^  189. 

Fat'MJt  and  herpes  tonjturaiiA  alw)  oci'nr  in  domesttc  ttnimalMf**  the  latter  in  cattle. 

In  invertebrate  animals  diseases  occur  not  infrequently  which  are  cAuaed 
by  mycelium -fuug^.  Thus  Bvtrytis  Bitssiana  causes  the  so-called  mttscttrdine  in 
aukworms.  Cordycei^nt  militaris  destroys  the  injurious  pine-spider  GcMropacha 
pim.  Tarichium  megattpemtum^  a  black-colored  fundus,  kills  the  destructive  earth- 
caterpillar  Agrotis  negetum.  j'^ung-i  l>eIon(rin|r  to  the  family  Empttaa  attack  es- 
Eccially  the  c-nierpiUars  of  the  cabbatru-butterfly  {h'mpusa  radicana)  and  the 
ouse-fly  [Eitipnsa  mwioe),  and  prow  all  throufth  them  and  cause  them  to  die. 
Achyia  proUfera,  accordinjf  to  Harz,f  f  grows  through  the  musculature  of  the  crabs, 
and  is  the  cause  of  the  crab-pest. 

•  Beriitur  klin.  Wochfu.'ich. ,  1881,  Nos.  38  and  30 ;  1882,  No.  34. 
f  Atrnal,  der  Chariic,  x..  18<)2. 
X  Weyl,  **  Zienissen's  Handb.,"  xiv. 

i  Wiener  med,  UlUtter,  ISyi ;  and  *•  Die  krankh,  Verander.  d.  Haut,"  Braun- 
Bchweijr,  1881. 

It  Virchoxc'6  Arch.,  84.  Bd. 

If  FortschriUe  d.  Med.,  iv.,  188ti. 

••  Cf.  Friedber^T  and  Frohner,  **  Lehrb.  d.  spec.  Pathol,  der  Hausthiere.*' 

ff  Jahresher.  der  MUnchener  Thierarxnei^chule,  18S2-1883. 


Fig.  3i)4.— Female  itch-mit«,  showing  dorsal  aurt'ace. 
las  of  Skin  Diseases."    Majniifted  nbout  200  tliaineters. 

534 


AXIMAL  PARASITES. — ARACHNIDA. 


535 


1.  Acarus  scabiei.  or  Sarcoptes  hominis,  the  itch-mite,  is  a  pai'asite 
the  size  of  h  pinhead,  witlt  a  liody  sJiajH^d  liki*  a  turtle's,  provided  on  the 
ventral  surfrtuu  Ymth  anteriorly  and  postfriurly  with  two  pairs  of  legs, 
eat'h  of  which  is  furnislird  witli  liristlps  (F\^.  :]iJ4).  The  foremost  ]>air 
of  iegs  extend  out  into  stAlkdike  proeessos,  endinp  in  disks  for  clinging 
purposes.  The  same  arraup.Muent  is  found  in  the  hinderniost  pair  in  the 
niiile.  while  the  next  to  tlie  last  pair  in  the  male  and  the  hist  two  pairs  in 
the  tV'tiiale  eJid  ein'h  in  a  loiijj  Iiristle.  Oil  the  border  of  the  hinder  part 
of  tho  hody  iire  located  several  bristles,  while  the  l>aek  is  novere<l  ■with 
tof>thdike  kiuibs  (Fig.  394),  The  head  is  rather  round  and  likei.vise 
covered  with  bristles.     The  female  is  nlm<)st  twice  as  large  as  the  male. 


Fig.  395. 


Fig.  396. 


frV-^"- 


Fio.  Sm.—T^ptus  ftH- 
tumjtaiig.  (AfUr  Ri'icbuu- 
meister  and  Ztim.) 


Fig.  305.— Scabies,  a,  Horny  layer  of  the  epidermis,  perforated  bv  numer- 
ous burrows  of  itch-mite ;  6,  Mucous  layer  and  panillar>"  Iwidy,  the  latter 
greatly  enlarged  and  infiltrated  with  cells;  c,  Ce!l-intilltTat*'d  cutis;  rf,  Section 
tluough  a  fully  developed  itch-mite ;  e,  Kgrgs  and  embryos  of  various  .sizes ;  /, 
Ftecea,     (Prei>aration  stained  with  carmine  and  magnified  20  diameters.) 


The  mite  dwells  in  the  epidermal  layer  of  the  skin  (Fig.  395,  a,  rf},  in 
whieh  it  digs  buiTows,  some  of  which  are  10  em.  in  len^rth.  In  tlu'se  bin*- 
rows  the  feirude  (//)  lays  lier  eggs,  whieh  devehfp  in  situ  into  young  iteh- 
mitos  (f).  These  bury  themselves  still  det*i>er  in  the  epidermis,  and  after 
several  times  she<hling  their  skins,  deveh»p  into  semally  matun;  iudivid- 
iials.  The  skin  responds  to  tlie  irritation  whieh  the  pivsein^e  of  the 
mites  occasions,  by  increased  epithelial  cell-pn>duetion  (ti)  and  by  inflam- 
mation (r).  Tlie  latter  is  considerably  inereasoil  by  seratehing  the  spots 
which  itch  in  consecjuence  of  the  invasion. 

2.  Leptus  autumnaliSi  the  hnrvfuf-mite  (Fig.  396),  is  the  red-eolored 
larva  of  a  variety  of  Ti-ombidyv,  whieli  lives  upon  grass  and  Imshes  ami 
upon  grain,  and  M'hen  opportunity  otfers  alights  upon  the  bunnm  skin; 
here  it  bore*  its  way  into  the  epithelitmi  and  occasions  itching  and  in- 
flammation. 
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3.  Demodex  or  Acarus  folliculorum  hominis  (Fig.  397)  oocurs  at 
tunes  singly  or  iu  grtjups  in  the  sebum  of  the  iiiiir-folUeles  and  the  dueta 
of  the  Hel)U4H*ou8  glands.  It  is  in  the  ueijrhborhutKl  of  0.3  mm.  long,  and 
haa  on  its  anterior  ventral  surface  four  ptiire  of  short,  tliiek  legs.  The 
head  is  furnished  with  i\  snout  and  two  feelers. 

4.  Ixodes  ricinus.  tlie  tfootl-jack  or  irooiUirk  (Fig.  398}.  is  a  fairly  large 
yelJowish-l>n>\m  memher  of  tin-  Araflinida,  beh^nging  t^)  the  gi'onp  of 
ticks.  It  has  fi  liltiek  head  provided  with  n  Hueking  apparatus,  and  a 
verj'  distttisiblt'  lt'nther\*  body.  It  fonuinmly  <ieeiu*s  upon  grass  and 
bushes,  and  sometimes  alights  upon  man  or  beast.  By  means  of  ifj* 
sueJring  ap{iaratus  it  dmws  Vdood  from  the  skin,  and  iu  this  way  swells. 
up  to  a  vei-j'  remarkable  extent. 


Fig.  3U7, 


Fig.  398, 


Kff.  390. 


■  :-   '        *    •      .    ■        f       ,  ,   ,     .      . 
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Ftu.  397. — Acarus  foUiculorum   hominis,     (After  PerU. 
Magnified  300  diamcten<.) 

Fio.  398.— /xod^   ricinwtf  snoked   half  fall  of  blood. 
{Magnified  2  diametenf.) 

Flu.  399.— Head  end  of  Pentastoma  denticulahtm,   (After 
Perls.     Magnified  40  diameters.) 


5.  Pentastoma  denticulatum  is  the  lu]*%*aof  Pentastoma  tsnioides. 

a  lance-shaped  orgauisnj  belonging  to  Tlie  onler  of  the  tongue-wonns 
or  Peutii.sto!jjidfl\  It  irihaliit^  the  ua.sal.  frontal,  and  maxillary  sinnsea 
of  various  animals,  especially  the  doir.  It  very  fteldom  oe^-'urs  in  human 
beings  (Ijandoii),  and  when  it  does  it  oeeasions  inflammations.  The  sex- 
ually nialure  feniide  is  from  GO  to  130  mm.  long  and  anteriorly  from  8 
to  10  mm.  broad,  wliile  the  male  measures  from  IG  to  20  mm.  in  length 
and  a]itenorly  from  3  to  4  mm.  in  breadth.  The  larva  is  fnmi  4  to  .'»  mm. 
long  and  1.5  uim.  wide;  i.^  phinip,  and  of  somewhat  flattened  spherieal 
shape.  Its  location  is  usually  the  liver  or  spleen,  and.  more  rarely,  other 
(irgans  of  mcu  ami  herbivora.  Tt  is  a  quite  e<»mnion,  though  not  a 
dangerous,  ]iai*a^ite.  Its  body  i.s  divided  oft  int*>  some  ninety  nng-sha|M'd 
segments,  which  an?  pro\'ided  around  tlie  lK)nler8  with  thorn-like  pro- 
cesses, wliile  the  head  extremity  is  funiisbed  with  four  hook-shaped  feet. 

Living  mites  occur  very  frequently  amonif  the  fiamestie  animais  na  paniaitee 
on  thu  skin,  representing  varioua  species  of  different  CamiUes. 
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Sareoptes  Aominis,  the  burrow-  or  itch-mitp  of  man,  occurs  also  in  horses  and 
Neapolitan  sheep.  Not  odIv  this,  but  various  kiotlK  of  sarcoptes  are  distin- 
tf uisuablc,  which  infest  the  domestic  animals — for  instance^  Sarcoptea  aquan^fefwi, 
oticurriug  in  dogs,  swine,  sheep,  and  goaU,  and  Sara>ptes  minor,  in  cats  and 
rabbits. 

Dermatovha/fus,  the  hiting-mite  (Fip.  400),  with  liroad  head,  occurs  in  different 
animals,  and  viiriou-s  species  of  the  same  are  dij^tiDRnislied.  They  live  upon  the 
cells  of  the  epidermis  and  occasion  desqnamation  of  the  skin. 


Fig.  400. 


Fig.  401. 


FiQ.  400.— Male  of  the  DcrmaU>p)iagus  oommnnis^  showing  ventral  surface. 
(After  Putz.     MasTnilied  50  diameters.) 

Fig.  401. — Male  of  the  JJennutoeopten  eommtifiu,  nhowing  ventral  surface. 
(After  Piitz.     Magnified  50  diameters.) 

Ikrmatfjcnpies,  the  sucking-mHe  (Fifj.  401 ),  with  long  slender  head,  robs  the  skin 
of  blood  and  lymph,  and  produces  inflauimation.  Ikrmaiocoptes  communis  (x*- 
eurs  in  horst-s,  cattle,  and  sheep.  JJernxalocoptes  cunicttli  is  a  parasite  infesting 
the  ear»  of  rabbits. 

St^mbiotea  eqiii  of  (ierlnch  is  a  niite  occurring  chiefly  <m  the  feet  of  hea\'j" 
English  and  Scotch  horses,  where  it  excites  a  moist  dermatitis,  often  incorrectly 
called  mnlanders. 

Ikrntanyifsus  nmum  is  a  red  blood-sueking  mite  about  I  mm.  long,  which  is 
seen  often  in  birds. 

Of  the  Tick  family  there  occur  in  dogs,  cattle,  and  sheep  various  kinds  t^f 
Ixodejif  while  in  pigeons  tht*  Arffaii  rejl&rus  and  otliers  are  found. 

Lepiun  aiitinnnaliji  occurs  als"  in  dogs  and  chickeus. 

^prcies  ofUemoder  occur  in  dogs  and  swine,  occasioning  pustular  eruptions. 

PfnUtstomat4i  are  found  also  in  cattle,  sheep,  and  goats,  and  in  certain  re- 
gions are  abimdant  in  cattle. 

2.  Insects, 


§  197,  Most  of  the  parasitic  insects  are  epizoa.  Pjirt  of  them  remain 
only  temporarily  iijiun  the  skin,  and  from  it  derive  their  nourishment, 
while  othern  ivniain  thfiv  peniiniiontly  iiml  utilize  the  skin  stnietures  as 
a  plat^e  in  wliieh  t<i  de]K>sit  their  ejrgi*.  The  following  may  be  mentioned 
as  belonging  to  the  uumen»ns  species  here  ineliuie4  : 
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1.  Pediculus  capitis,  the  htad-hnse  (Fig.  402),  m-cupios  tbo  hairy- 
scalp,  aud  derives  its  uourislmient  (i.e.,  bluod)  from  the  skin  by  meaus 
of  its  feeding  ajipaaiinis.  Its  e^r^  oi'  uits  are  lianel-siiHped  aud  whitt*, 
and  are  fastened  t<v  tlie  liairs  t»y  a  etfatinpf  of  ehitiji.  It  takes  the  embrj'o 
only  about  eight  days  t-o  hat^'li  out.  In"  oonsequeuce  of  the  scrateliitiuf 
induced  by  the  itchin^^  tlieiv  arise  fretiuently  quite  severe  dennatites, 
espeeially  et*zfma. 

2.  Pediculus  pubis,  the/f/^  or  crab-louse  {Fig.  403),  dwells  in  the  hairy 
parts  of  the  tniuk  and  ext^t^mities.  Its  babit^i;  arc  the  same  as  those  of 
the  Pedirulna  rftpifis. 

3.  Pediculus  vestimentorum,  the  rhthimj-  or  fxxiy-huse  (Fig.  404), 
lives  in  tlie  wearinjj-ajiiiarcl  wnd  depo.sits  its  eggs  theiv  a^  well.  It  gets 
upon  man  to  obtain  iiuiirishnii'iit. 


Fig."  402. 


Fig.  403. 


Fig.  404. 


Fio.  402.;^  Female  Pedi&tlue  capitiit,  sliowing  ventral  aurfaeo.     (Kiichcn- 

(Kucbenmeister 
(Ktioh- 


Fio.  403.— Jliile  Pedicuiun  piibiff,  Hln)wing  ventral  surface 
and  Ziira,     Jlagnitied  13  diameters,) 


Fig,  404. — Ft'Diale  Pedicuhm  rM^imm/orKm,  showing  ventral  surface 
eiiuieij^ter  and  Ztirti.     Maguitled  1)  diiimeters.) 


4.  Cimex  lectuarius,  tlu-  halbug,  dwells  in  beds,  floors,  closets,  eto,, 
and  gets  upon  people  at  night  to  suck  blood.  It  causes  wheals  upon  the 
skin. 

0.  Pulex  irritans,  tbe  cotumon  _ffta,  alwj  draws  blood  from  the  skin. 
A  little  bii'morrliagie  dot  nuiy  >»e  found  where  it  has  sueked.  Some- 
times, als4>.  there  appear  lf>eal  swellings  and  wbejds.  It  lays  it«  egg8  iu 
the  craeks  itf  floors,  in  sawdust,  etc. 

G.  Pulex  penetrans,  the  s'tud-tkdy  occurs  iu  South  iVfriea  in  the  sand. 
The  feiiiah*  lays  lier  i*^^iy  in  the  ^kin  and  causes  thereby  int«use  iuflani- 
niatinn. 

7.  Gnats,  baving  months  ]>rovidetl  with  stinging  and  sueking  appa- 
ratus {CniirltJn  nnd  7V/>jf^/f/(r).  horse-flies  (7V/A'/h )>/«■),  and  common  files 
(l^htfioTffufa)  druwhUMiil  f re([uently  from  tbe  bumau  skin.  Various  flics 
((Estridw,  3Iusea,  Lueilia,  Snreoplmgn)  oeeasionally  lay  their  eggs  in 
wounds  or  in  the  eavities  of  the  body  aceessilile  io  tiiem,  after  whieli  tlio 
developing  mites  fasten  tbemstdves  on  the  affected  places  {n4ifiasis). 
Under  certain  eireumstanct's  their  larva*  may  also  get  int<»  the  intestinal 
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tract  with  tho  fotnl,  autl  here  develop  fiu-ther.  This  happens  especially 
wheu  abnonnaJ  eouditions  exist  in  stomach  and  bowel  which  interfere 
witli  di{t*isti(m. 

There  ocptitk  in  South  AmericA  a  fly^  the  Mu^ca  anthrapophaga,  wliose  larvic 
infest  the  nnsal  and  fnmtal  i^izmses,  the  pharynx  und  lur^'ox  of  mnn,  and  pro- 
duce intiammation.' 

iJermatolia  noxitdiff,  a  hoi-se-fly  of  Central  Anierici,  depoedts  ita  egjrs  on  the 
skin  r>f  man  and  beaat.  The  lar\'fp,  as  they  hatch  out,  oore  deeply  into  the 
skin  and  cause  painful  swellings. 

The  parH^iites  beiong^infr  tr>  the 
fainily  of  MusciiUc  play  a  much  more 
important  r61o  in  the  domestic  aui- 
mai!ii  than  in  man,  and  it  is  espe- 
cially the  species  of  (Esints  whoso 
larvif  infest  aninialH.  Thus,  for  ex- 
amplt-,  the  larvie  of  the  Gastrophilus 
equi  (Fig.  405),  Gmtrophilus  pecorumy 
and  Gastrophiltis  luemorrlioidalis  Uve 
in  the  stomaoh  and  adjacent  section 
of  the  intestine  of  the  horac,  and 
here  they  complete  tlieir  develop- 
ment until  tliev  reach  IhechrysaliK 
stagre.  upon  which  they  depart. 

(EsiruH  oi-Mt  lays  its  larvff  in  the 
nasal  cavities  of  the  sheep,  from 
whence  they  wander  into  the  fron- 
tal^ nasal,  and  maxillary  ca\'itieH, 
and  under  certain  circutusttinces  aUo  into  the  cranial  cavity,  and  occasion  in- 
flammation. 

The  lar\-a  of  the  (Eatrns  hovis  bores  into  the  skin  of  the  cow,  and  here  de- 
velops as  far  as  the  chrysalis  tstogc,  when  it  again  leaves  its  host. 


FlQ.  405. — Gastrophilm  equi. 
Brnuer.)     a,  Male;  6,  Larva. 


(After 


I!.  Vermes  (Worms). 

3.  Nemtitoihs  [J^oiatthmrms). 

§  108.  All  the  roundworms  which  occur  as  parasites  belong  to  the 
Nematodes.  They  iH>R.*;e.ss  a  slender,  cylindrical,  extended,  and  some- 
tiini's  filiffn-m  IkmIv,  with  neither  setrtnents  in)r  appendages.  The  cuticle 
is  thii'k  an<l  clastic.  The  oral  opening  is  fotind  at  one  extremity,  and  is 
pi*ovidcd  sometimes  with  soft  and  sometimes  with  horn-like  lips.  The 
elnM^:at)Ml  ^'iit,  ttip-fher  with  tlu*  pharynix  and  eliyl4--8tomacb,  cxti-nds 
through  thu  entire  body-cavity  (Fi^.  40G),  opeiiiuj;'  upon  the  ventral  aspect 
a  short  tlist^inrr  from  the  usmiUy  iiwl-sliiipod  posterior  extremity.  The 
sexual  or^jujs  and  their  openinffs  are  also  found  on  the  ventral  surface. 
Tlie  female  sexual  orifi*^  occurs  at  about  the  middle  of  the  body,  less 
frcquoutly  near  the  anterior  or  posterior  extremity  (Fig.  406,  A,  a).  In 
the  rrude  (lie  sexual  orilice  and  the  anus  are  located  together  (B,  r).  The 
ehitinous  covering;  of  the  lower  gut  forms  in  the  male  the  means  of 
clinffing  in  the  act  of  copulation.  The  males  are  usually  smaller  than 
the  females.  Tlie  development  is  continuous,  and  the  metamorphoses 
are  not  strikinsr.  The  nennitodes  which  occur  in  man  are,  some  (tf  tliem, 
harmless  intestinal  parasites,  while  others  are  very  dangerous,  sometimes 
even  fatal,  parasites  of  various  ot-frans. 

*  Con^l,  AnnalcH  d.  Se.  nat.  ZooL,  tome  x.,  1878. 
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§  199.  Ascarls  lumbricoides,  the  rammon  spfMtl-  or  rounditot^ut  (Fig. 
40U),  is  a  liffht^brown  or  reddish-coloi-eU  wonu  cylindricul  in  shajK*,  and 


Pig.  406. 


Pig.  407. 


tujx'riiig  j^-nerally  to  ii  yioint  at  tlio  eiiU. 
The  tVmale  (A)  i.s  fnnri  25  to 40  cm.  h>ug, 
the  laiule  (B)  <H>m*idvnibly  smaller,  and 
thi-  ]Mistorioi*  pxtremitj'  of  tli<'  inlter  is 
l>etit  ill  tin*  form  of  u  Itook  niu\  j(!t>vided 
witli  two  spicules  (r)  or  t-JiiHii  procpssos. 

The  mouth  [h]  is  iiic(nst'<I  hy  fhret? 
nnisruhir  tips,  proviiird  with  v*?ry  line 
teeth.  T]ie  shxuhI  ojH'iiiufr  of  the  fenmle 
(A,  (t)  lies  unt*'rior  to  the  iniddh*  of  tlie 
l)ody.  Tlie  e^s,  whiuh  tlie  mature  fe- 
male e<jutaiiis  in  enormous  numbers,  ]K»ei- 
se&s  in  their  fully  develo]>i*d  etrndition  a 
double  nhcll  (Fi<?.  407).  and  around  this 
iH  nil  allniiiiiiitiiiH  envelojx'.  Their  size 
anionuts  to  lietween  50  and  60  /i.  Tlie 
\v<irni  inhahits  the  entire  intestinal  ca- 
nal, but  most  frequently  the  KUiall  intei»- 
tine.  It  is  the  most  eonimon  parasite  in 
man,  and  frefjuently  is  found  in  jrreat 
numberH,  WJien  mat  lire  fenmleis  are 
present,  the  fa^ees  eontaiu  nunjerous 
Pjrtfs.  These  are  verj'  i*esistAnt  to  ex- 
ternal iiiHuenees — for  example,  drjinjr 
and  freezing. 

The  egg:s  require  no  intermediate  host 
(Lilt/.  Lenekart,  Orassi.  Kppstein)  iu  or- 
der tf»  develop  into  the  roundworm,  w) 
that  a  person  may  be<'onie  infected  by 
.sivnllowinirthe  ejjr^  which  have  been  ex- 
pf'Iled  from  the  bowel  and  have  amtiired 
in  the  faeces.  Aceonling  to  culture  ex- 
jH-riuiciits  which  Kppstein  earriiHl  out  on 
hiinian  bein^  with  epps  which  liad  lou^ 
})t'(  iMuitivated  ondampfn'i'es.thennind. 
wonii  attains  sexual  maturity  in  from 
ten  to  twelve  weeks  after  ingestion  of  the 
eggs.  At  this  time  the  male  is  from  13 
to  15  cm.  loi»g,  and  tiie  fenmle  from  20 
to  30  cm.  Its  presence  iu  the  intestine 
d«iHs  not  usually  cause  any  noticeable difi- 
tiirlmnee.  Ohiy  when  present  in  larfi:e 
numbers  does  it  sometimea.  eHpeeially 

Fw.  40ff. — A»cariti  hwihricoitlr».  (After 
Peris.)  A, Female;  B.Male,  (NalurBltdze.) 
At  a  if>  tbe  female  .<iexiia]  orifice  :  c,  Tlie  two 
spicules  of  the  mole ;  6,  Head  extremity- 
(magiitfied)  of  the  worm,  with  the  three  hp>. 

Fm.  4(17.— Egg  of  An(x\riit  hmhricotda 
(after  Leuckart),  with  hIh^I  and  albuminous 
envelope.    (Magnifled  3(K)  diameters.) 
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in  cliildrrn,  cause  intestinal  catAirh,  voinitiu^,  nervous  excitability,  aud 
convuLMioiiK.  Occnfiionally  it  <*m^vls  into  nnrnial  or  imthological  open- 
ings in  tlie  wail  of  the  intestinal  eanal,  and  in  this  way  e«iises  tnmltle. 
Thus,  when  it  gets  into  th<-'  (luetiis  eholedwhus,  it  nmy  jiroduee  hile- 
stasia.  AVlien  it  penetrans  thmug-h  im  nleor  mitwanl  into  the  abdom- 
inal eavity  or  into  a  hrmral  sae.  it  iiniy  occrtsiou  intiaimnatiou  of  that 
jiartieuhir  tissue.  By  LtMK'kart  it  is  iilstt  said  to  have  the  power  of  bor- 
ing throuj^h  the  uninjnrril  luiwel-wall.  Frw|urntlv  the  worm  pa.^06 
away  per  anum  witli  the  fie**es.  aud  at  times  /vr  os  in  vomiting.  From 
the  pharynx  it  may  wand^T  into  the  lar^Tix. 

A  very  rare  intestinal  pamMte  is  the  Ascaris  mtfslax,  the  roundworm  of  the 
cat,  whicli  is  very  much  sniaUer  than  tho  orduiarj'  roundworm. 

§  200.  Oxyuris  vermicularis,  the  tiiel-ttiil-,  maggot-,  or  threaditonii 

(Fig.  408},  is  a  sinaLl  rniiiidwdnn,  tlie  female  Iteiojtj  10  mm.  huiff  [<t,  h) 
and  pointed  at  the  caudal  end  like  an  awl.  wliih'  thi'  male  is  4  mm.  long 
{r),  with  a  blunt  posterior  endinj?  provided  w  irh  a  spiridum. 

The  e^i^s  (Ki^.  40i.»,  a),  which  the  belly  of 
Fig.  406.  t]]g  ffviiiale  oft<>n  lodges  in  immense  nundjers, 

are  50  ,u  long  and  24  /t  broad,  have  a  tiat  aud 
a  cun'ed  surfaee,  aud  a  sliell  whieh  is  co^'ered 
by  a  thin  albnuiiuous  layer.     The  Ox^Hria 

Fig.  409. 


Fig.  408. — Oxyuris  eennicularitt.  a,  Soxtmlly 
itiaturu  female;  6,  Ftimule  full  of  eggs;  e,  Male. 
(AlltiT  ileller.     Magiiilied  10  diamelerK.) 

Km.  409. — Kcfgrt  of  Ortmris  rerniicvlari^t  in  va- 
rious stages  of  development.  (After  Zenker  aud 
Heller.)  a,  fe,  c,  Segmentation  of  volk ;  rf.  Tadpole- 
shaped  embi'j'o;  e,  Worm-shaped  embrj-o.  (Mag- 
nified 250  diameters.) 


vemiicuJaris  itdmbits  the  large  intestine  and  the  lower  part  of  the  small 
int<^stiue.  Aeeordiiig  to  Zeuker  aud  Heller,  oidy  the  fnu-tilied  mature 
female  is  fouml  in  the  large  iutestifie,  while  the  younger  iudi\'iduals  and 
tho  nudes  oceur  in  the  snuill  inli^slinf.  In  ^eater  or  snuiller  numbers 
they  are  of  very  eommtm  rvecuiTeuce.  At  night  they  are  prone  ti»  wander 
outiide  the  rectum  into  tlie  anal  region,  ami  also  enter  the  vagina,  ocoa- 
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sioning  itching.  The  scratching  thus  produced  sometimes  leads  to  der- 
matitis, erections,  masturbation,  etc. 

For  the  eggs  to  develop  (Fig.  409,  a,  6,  c,  d,  e)  it  is  necessary  after 
their  expulsion  with  the  faeces  that  they  again  make  their  way  into  the 
stomach  of  man  or  beast.  It  is  very  probable  that  the  original  possessor 
of  the  Oxyuris  vermicularis  reinfects  himself,  the  eggs  which  remained 
stuck  to  his  fingers  when  he  scratched  himself,  later  getting  into  his 
mouth. 

The  eggs  are  veiy  resistant  to  drying,  and  when  dry  may  be  scattered 
from  place  to  place.* 

§  201.  Anchylostoma  duodenale  {Dochmius  duodenalis  or  Strongyhts 
duodenalis)  is  a  small  paUsade-worm  which  tenants  the  upper  part  of  the 
small  intestine  (Fig.  410).  The  cylindrical  body  of  the  female  possesses 
a  length  of  from  5  to  18  mm.,  while  that  of  the  male  is  from  6  to  10  mm. 
long.  The  cephalic  end  (Fig.  411)  is  curved  toward  the  dorsal  surface,  and 
is  provided  with  a  mouth-capsule  located  on  the  ventral  side  (d).  It  is 
almost  completely  divided  dorsally,  and  the  cleft  is  covered  by  two  chitin- 
ous  layers.  Ou  the  ventral  border  are  four  incurving  teeth  (ft),  while 
on  the  dorsal  border  are  two  teeth  perpendicularly  arranged  (c),  both  kinds 
being  held  together  by  chitinous  bands.  In  addition  the  interior  of  the 
capsule  contains  a  conical  elevation  beneath  the  cleft  in  the  dorsal  surface. 

The  male  is  provided  at  the  caudal  extremity  with  a  threefold  bursa 
(Fig.  410,  t)  and  two  thin  bone-like  spicules  (p).  In  the  female  the  cau- 
dal end  is  pointed  and  is  armed  with  an  awl-like  prong;  the  vulva  lies 
back  of  the  centre  of  the  body.  The  oval  eggs  (Fig.  412)  are  from  44  to 
67  ju  long  and  from  23  to  40  /*  broad.  They  undergo  the  first  stages  of 
cleavage  in  the  human  intestine  («,  6,  c,  d),  develop  still  further  in  muddy 
water  (e,  /;,  and  may  then,  if  brought  into  the  intestinal  canaJ  of  man, 
immediately  develop  again  into  sexually  mature  individuals.  Their 
presence  in  the  intestinal  tract,  where  they  occupy  chiefly  the  duodenum 
and  small  intestine,  is  not  without  danger.  With  its  teeth  the  wonn 
works  its  way  into  the  mucous  membrane  as  far  as  the  submucosa,  and 
sucks  itself  full  of  blood.  Its  point  of  attack  is  distinguishable  later  by 
a  small  ecchymosis,  in  the  centre  of  wliich  lies  a  white  spot  with  a  central 
perforation.  Occasionally  there  are  found  iu  the  mucous  membrane  of 
the  bowel  small  blood-filled  holes  containing  each  a  coiled-up  worm. 
When  present  in  large  numbers  they  cause  continuous  and  serious  los^s 
of  blood,  which  produces  a  profound  anaemia  in  the  patient  {EfjypUnn 
chlorosis).  Perroncito,  Graziadei,  and  Biiumler  have  ascertained  the 
presence  of  aneliylostomata  in  the  intestine  even  several  years  after 
infection  has  taken  place.  The  parasite  is  conmion  in  the  tropics.  Ac- 
cording to  Griesinger  and  Bilharz,  something  like  a  quarter  of  the  j>opw- 
lation  of  Eg^-pt  suffer  from  this  disease.  A  few  years  ago  the  parasite 
was  very  frequently  observed  among  the  laborers  in  tlie  St.  GotthartI  Tun- 
nel. Menche  and  Leichtenstern  state  that  the  brick-fields  of  the  province 
of  the  Rhine  arc  in  gi-eat  part  infected  with  anchylostomata,  and  that  the 
disease  which  was  long  considered  in  that  region  as  brick-burner's  an- 
aemia is  caused  by  the  Anchylostoma. 

The  Eustrongylus  gigas,  a  palisade-worm  of  red  color,  whose  female 
reaches  a  length  of  a  metre,  is  a  very  rare  parasite,  which  has  been 

•  For  tlie  literature  of  this  subject  consult  Huber,  "  Bibliographie  der  kliii- 
ischen  Helminth ologie,"  Miinchen,  1893. 


Flo.  410.— Male  of  Ancinjlmtowa  tJuodettaU.  (After  Schulthess.)  a,  Heail 
with  mouth-capsule;  b,  (Esophagus;  c.  Intestine;  rf.  Annl  planils ;  c,  Cenncal 

S lauds ;  /.  Skin  ;  g,  Muscular  layer ;  /»,  Poms  oxcretorius ;  i.  Triple  bursa ;  A% 
libs  of  the  bursa ;  ?,  Testicular  cuunl :  m,  Vosiculft  ^eniinali.-' ;  «,  Ductus  cjac- 
ulatoriui*;  o,  Groove  of  latter;  j>,  Peniwj  5,  Sheath  of  penis.  (Mi^rniHed  20 
diameters.) 

Flo.  -ill. —Cephalic  end  of  Anchtfhstoma  duodtnuh,  (After  8cbulthess.) 
fl,  Jlouth-capsiUe  J  ft,  Teeth  of  vential  border;  c.  Teeth  of  dorsal  border;  d, 
Buccal  cavity  J  e.  Skin-sac  on  ventral  niJe  of  head;  /,  Muscular  biyer;  p.  Dor- 
sal groove ;  A,  (i,sophag:uj«. 

Fio.  412.— Egpfl  of  Ancht/hntoma  thtodtnale.  (After  Perroncito  and  Schult- 
hess.)  (1,  ft.  c,  d.  Different  stages  of  cleavage ;  e^  /*  Kggi*  with  embrvos.  (Mag- 
nified 200  diameters.) 
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observed  bwt  a  few  timos  iu  the  pelvis  of  tbe  human  kidney.  It  pctssesses 
a  buci'al  openiuf^  with  nix  pupillH*.  and  the  tnulc  ha^  at  the  tratuhil  end  a 
liursa  with  a  single  spiexUiuu.  The  eggs  are  uval,  0.06  mni.  long,  and 
|n*ovifled  with  an  uneven  albtiniiuoti^  envelope. 

The  Strongylus  longevajcinatus.  a  white  thread-like  worm  26  mm. 
long,  was  observed  iu  one  iustunei*  iu  tlie  lung  of  u  boy. 

Specin  o/Dochmiuf  occur  also  in  doff$  awl  cots— not  ooiy  tbe  Dochmiu9  dw>- 
denatis,  but  also  other  varieties — and  are  said  to  Ukcwise  cause  anicinia. 

Varieties  of  Strortffyltu  occur  very  frequently  iu  tlie  domestic  aaimala,  aonM*- 
tinies  as  intestinal  parant^  afnin  as  dwellers  in  tlie  Inng^  or  TOscnlar  sj'Steni, 
as  well  as  other  ti.ssuea.  We  mive  to  tliank  A.  3Iufller  for  au  excellent  mono* 
graph  on  tbe  Nematodes  of  manimaUana.* 

Strottfffflus  armatus  is  a  parasite  of  tbe  horse,  which  enters  the  intestinal 
tract  afi  au  embryo,  and  thence  bores  into  the  mesenteric  arteries,  or  even  into 
a  renal  arterj'  where  it  develops  to  8i*iual  maturity  and  then  wanders  back 
into  the  lai^re  intestine.  The  fully  developed  male  worm  is  from  20  to  30  mm. 
long,  the  female  from  20  to  .55  mm.  It  caiuKiH  cdots  Lo  form  iu  the  arterit.ti,  and 
brinp^  about  aneurisnial  dilatntions  of  the  vessel-wall. 

SiroM/iflus  Jilann  is  a  filiffirm  worm  some  25  to  84  nun. 
long,  whicli  occiu^  in  tbe  air-passapes  of  sheep,  goata, 
rabbitSf  and  deer,  and  there  ocoasioufi  indammatiuns. 
Stront^tun  rtifeitcens  and  Stroruftflun  j>nrci(/urw«,  Xrmatm- 
dium  orijt  pnlmotuife  (I<yiltin)  or  I'sruduliux  oHi  pulntonalit 
(Ko*'h).  are  likewise  occupants  of  sheep's  lungs.  Stnuiffi^- 
Ittx  parcuioxiM  ulso  vt  the  lunps  of  swine.  Sfrongulns  cfm%- 
mutntHn  occurs  in  the  luujirs  of  the  hare  and  rabbit,  while 
Strongiflns  stjngamus  and  Stronatflun  bronvhialis  are  found 
in  the  air-passages  of  birds,  all  three  lieing  produetiv**  of 
inflammation.  Sirangylus  mkntrttit  (Slrtise  f)  occurs  in 
cows  and  calves,  not  oidy  in  the  air-passages,  but  alao  in 
arterial  aneurisms. 


§  202.  Tbe  Anguillula  stercoralis  or  Pwudo- 
rhnhditis  stercortiUs  (Fig.  -41-1)  is  u  KUiall  nemntod**, 
the  male  potwessiiig  a  b-Tigtli  of  O.SS  nun.,  the  female 
1,2  mm.  The  wonn  is  iudigeiiouM  lo  t\H.'hiu  Chiun 
and  Italy,  ami  in  the  latter  etmntry  often  weurw 
Himultaheinisly  with  the  Auehylostoma.  Tlie  fruc- 
tified female  eoutaius  both  eggs  and  enibrj-os  (Fig. 
413).  The  latter,  which  at  birth  Hi)reud  through  the 
whole  intestinal  tract,  the  gall-^luet.'i.  and  the  pan- 
creatii;  duet,  and  even,  necording  to  Nonnaud.  tK-ca- 
sion  diarrhoea,  may  develop  inside  the  iutefitine  tip 
to  the  itoiiit  of  formation  i>f  the  wxual  organs  (Per- 
ruDint4ij.     Iu  all  jirobability  some  even  attain  eom- 

Fio.  413. — Female  of  .1  nguUlula  stercoralis^  with  eggs 
and  embrvos.  (After  Perrnucitii.  Magnified  So  diame- 
ters.) 

plete  sexual  maturity,  while  others  pass  away  earlier  with  the  te<$CBH 
Tlie  larvae  at  their  departure  are  from  2.10  to  370  u  long. 

•  *'  Die  NeraatoiK'n  der  Haufrethierlnngen  un<l  die  Lunpenwurmkrankheit, 

eine  zoologiseh-patholojr.  ITntersuclinnp.''  iMiitjtchr  Xeil.  /.   Tlnfrmeti.j  xv.,  1B89. 

f  "  Bau  von  Stronipjlits  nrirrttrusj'  DtutttcJte  Xeitschr.  /.  Thiermrd,,  xviii..  1892. 
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Aecordiug  to  (Jolpi  and  Monti,  the  AmjuHhda  stereovalis  pom»trat(?s 
into  Lit-Werkiilm's  rrvptn,  when-  it  de^Hisits  ita  egp«  and  youu^^;  these 
cause  soniftimes  epithelial  degeuerution,  and  ut  other  times  epithelial 
hyi)ertn)pljy. 

The  Anjfuillula  Intestinalls  is  a  roundworm  2.25  mra.  lonjr,  of  whieh 
species  the  female  alone  is  known.  It  lias  tlie  i^tune  distribution  n&  the 
Auffuiflulti  .sY/i-(WV(/i.s\  The  egirs  ilo  not  devt'lop  in  the  intestinal  canal, 
or,  at  any  rat4>.  exhibit  only  the  fiisl  wt^iges  of  segmentation  at  ihe  time  of 
their  departui-e  with  the  fipees.  At  a  ti'niperalnre  of  frnin  2"*'^  to  30°  C. 
there  sets  in  a  vei-^'  rapid  R^gmentation  of  tlie  eggs  iTi  the  diluted  ffeees, 
and  the  development  of  the  embryos  eonimen<*eB,  tliough  the  latter  attain 
their  complete  development  ordy  iu  a  new  host. 

§  203.  Trichocephalus  dispar.  the  tthip-irorm,  is,  indeed,  a  eonimon 
pariijiite,  but  an  entin-ly  burndess  one  whieh  is  found  in  the  eji-euni  and 
ueighboring  seetion  of  the  intestine.  Both  male  and  fomiUe  are  fi*om  4 
to  T)  i-m.  long  (Fig.  414).  The  anterior  boily-eavily  {a,  h)  is  ver\'  narrow 
and  thread-like,  while  the  pttsterior  half  of  the  body,  wlueh  ecmtains  the 
sexual  organs  ( /,  tj,  I,  o,  p),  is  veiy  inueli  thieker,  eylindrieal  in  the  female 
(B),  and  in  the  nnde  ( A)  ooiled  up  and  provided  with  a  spicalum  (g). 

The  eggs  (Fig-  41~»)  have  an 


elongated  oval  shape,  l>eing  ">()  (i 
long.  They  jMissess  ti  tbiek  brown 
shell,  which  exhibits  at  eaeh  jwle  a 
]>eg-shaped  swelling  clear  as  cn'ft- 

The  first  embryonal  develop- 
nir-nt  tnki's  place  in  water  and 
liainp  earth.  It  progi-esses  ex- 
tremely slowly,  reqinring  in  the 
stnnmer  fnim  four  to  five  montlis, 
and  in  the  colder  periwls  of  the 

Fio.  414.—Tn'cltocephati«9  dispar. 
A,  Male;  B,  Caudal  end  of  female. 
a.  Cephalic  end;  b,  Anterior  belly 
vilh  cesophaguH ;  c,  Stomnrb  ;  d.  In- 
testine ;  e,  Clortciis ;  /,  Seminal  duct ; 
fft  Penis  J  ly  Bell-shapeil  penis-rtheath 
and  end  of  penis ;  m,  Intestiiie  of  fe- 
male ;  «,  ^Vnus ;  o.  Uterus ;  p.  Vaginal 
entice.  {After  Kiichemiieister  and 
Ziini.     Mnmiified  10  <!iameters.) 

Fm.  415.  -Egg  of  Tncbttcephatus 
dispar.  (After  HeUer.  Magnified  350 
diameters.) 


Fig.  414. 


f3 


Fig.  415. 


year  a  much  longer  time.     The  eggs  ai*e  very  resistant  to  cold  and  diy- 
ness.^ 

VaneUe$  of  TriclKK^phaius  oocm'  also  in  the  domestic  animals. 

§  204.  The  Trichina  spiralis  is  seen  iu  two  forms— namely,  the  tri- 
china of  the  intestine  and  the  trichimi  of  the  niuwdes. 


*  For  the  literature  on  this  subject,  consult  Haber,  op,  cU, 
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It  readies  sexual  maturity  as  au  intestinal  parasite  (Fig.  416) — the 
intestinal  trichina — und  then  ajipt'ars  as  a  snmll,  white,  hair-like  worm, 
vi&i]>le  eveu  to  tlie  iiakffi  eye.     Tlxe  femalt*  (A)  is  3  mra.  long,  the  luale 
(B)  eousidei-ably  smaller.    The  hinder  part  of  the 
Fig.  416.  body  is  elongated  in  Ixtth  nexes,  and  in  the  male 

(B)  is  provided  on  the  dorsal  half  with  two  coni- 
eal-shaped  terminal  pe^,  whieh  ai*e  direct*^!  to- 
ward the  belly,  and  nt-e  separated  from  eacli  other 
by  four  knob-like  pnpillrt\  Instend  of  n  spiculimi, 
the  niuseiilnr  oloaeits  is  protruded  outward  in 
copulation. 

The  intestinal  eanal  Itoyins  witli  a  mnsenlar 
mouth,  which  has  tbe  functions  and  appearance 
<*f  an  intffjtine,  and  fiu'ther  on,  inerea-sinfj  in 
calibre,  pas-ses  dircotly  into  the  ffKxi-canal.  This 
is  .*;iiiTounded  throutrhout  its  entire  length  by  so- 
called  eell-bodies — tliat  is,  a  row  of  lai'ge  cells- 
The  stomach,  which  is  the  <'(mtiiiuation  of  the 
fuod-eanal,  is  a  flask-shaped  dihitation  of  tlic  in- 
testine, aud  is  covered  with  fine  (jTnwulnr  cells. 
The  stomach  pafises.  witii  no  important  change  of 
sinictnre,  into  the  itilestinci  wliicii  in  the  male 
joins  with  the  seminal  duet  at  the  candid  end  to 
ftjrni  a  cJoacns. 

The  testicle  consists  of  a  pouch,  which  com- 
mences near  Ihecaudid  end  of  the  ]K)dy  in  a  blind 
.SMC,  jiroccods  fonvard  aa  fiir  us  the  cdbbody,  and 
bcndinj,'  there,  passes  over  int<i  tlie  seminal  duct. 

The  sexind  organs  of  tlie  fenmle  (A)  consist  of 
a  single  ovant*,  a  uterus,  and  a  vagina,  wliich  opens 
outward  at  the  junction  of  the  Jii-st  aud  second 
tpiarters.     The  ovaiy  likewise  forms  a  pouch  lo- 
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cated  close  to  the  posterior  extremity  of  the  body,  aud  iu  this  develop  the 
roundish  egyrs.    The  pouch  passes  autcriorly  into  the  sac-shaped  uterus. 

Tiie  eggs  develop  within  tiie  utt-rus  iuto  eniltryos  whieli  are  set  free 
at  birth. 

The  muscle-trichina  (Fi^.  417)  is  a  woitu  from  0.7  to  1.0  min.  long 
which  lives  in  the  muscles  of  the  body.  It  is  {reuerally  coiled  up  iu  a 
spiral,  aud  lies  iu  a  capsule,  which  oeca^ioually  couUiius  lime-salts.  Be- 
tweeu  the  noils  of  the  worm  is  a  flue  grnuuliir  mass, 

A  single  eupsule  umy  rontain  two,  thi*ee,  or  even  five  tnchiua*. 

If  a  pirt'o  of  miisch'  which  contains  living  trichinte  finds  its  way  into 
tlie  stomju-h  of  a  host — for  example,  man — the  eapsnlesare  dissolved  and 
tl»e  triehiiuT!  libenilcil.  St- xual  maturity  is  attained  iu  the  intestinal  canal 
iu  two  and  a  half  days,  when  copuhition  occurs.  On  the  seventh  day 
after  the iuti*oduetion  of  the  nriisile-trichinfle  the hirth  of  embrj'os begins, 
aud  continues  quite  a  wink',  aiiparfiitly  for  weeks.  A  single  female 
trirhiua  is  said  to  bear  from  one  thousand  to  thii-teen  hundred  young. 
Ac(Mii*ding  to  the  iuvcstigatii>!is  of  Askanazy,  the  female  triehimv  pene- 
trate iuto  the  iiitestiurti  vilU  and  deposit  the  emfiryos  in  the  lymph- 
vessels,  whence  their  migi*jitif>n  begins.  How  far  Lhcy  are  swept  pas- 
sively along  with  the  lympli,  liow  far  ar-tive  migmtiou  is  c<tueerned  iu 
their  spremling,  is  not  yet  settled.  Onre  in  the  inusrles,  they  penetrate 
tlie  primitive  fibres,  I)rii]g  their  contents  to  degenenitiou  aud  destruction, 
and  grow  in  foiu'toen  days  to  fully  doveUjped  muscU'-trichiua*.  In  the 
neighborhood  of  Mic  uiuscle-fiiirp.s  which  cfuitaiu  trichiuit^  (herc!  st^s  in  a 
growth  of  nniHcle-uuclei  with  inrtamination.  At  first  the  embn'o  is  in- 
closed only  by  the  sareolemnm.  Later,  a  capsule  is  forniiMl,  partly  by  a 
substance  uuiuufactured  by  the  worm,  resembling  chitiu,  aud  partly 
through  hyperphusia  of  the  Ixtnieriug  coniieelive  tissue. 

The  intestinal  trichina?  have  a  limited  lifetime  of  from  five  to  eight 
weeks.  The  muscle-tricliiuu',  on  the  iiilier  baud,  mav  exist  a  very  h>ug, 
ptKssibly  an  Tuilimited  time  (that  is,  until  the  death  of  the  affected  indi- 
vidual), or  at  auy  I'ate  for  years.  AfU'r  some  time  then*  takes  place  a 
deposition  of  linie-.salts  iu  the  capside,  which  causes  it  to  appear  glisten- 
ing white  by  diffused  tight,  and  by  transmitted  light  cloudy  aud  dai'k. 
If  from  any  cause  the  trichiuic  die,  the  eonteuts  of  the  capsule  also 
become  cnleitled. 

The  triehinje  have  been  observed  not  only  in  man,  but  in  the  swine, 
cat,  rat,  n»ouse,  manuot,  polecat,  fox.  marten,  l>adger,  hedgehog,  and  rac- 
coon. Muscle -tri eh inai  are  alsi>  produced  iu  rabbits,  guinea-pigs,  sheej), 
aud  dogs  by  feeding  on  trichiiia-iufected  meat.  Human  beings  are 
infected  Iiy  the  tngest.i<m  of  uncooked  i>ork.  The  invasion  of  trichina' 
produces  various  ]ihenomenrt  in  man.  The  symptoms  of  an  intestinnl 
C4itan'h  follow  the  introduction  of  Irichinous  nu^at  'iuU>  the  intestine.  As 
the  trichime  wander  iuto  the  muscles  there  arise  pains.  sweUings,  oedema, 
and  paralyses,  and  Tiot  iiifre([ncn11y  fever  sets  in.  The  symptoms  ai*e 
most  severe  in  the  fourth  aud  iifth  weeks.  Not  infrequently  death  fol- 
lows. Tho  intensity  and  se\ei-ity  of  the  symptoms  are  iu  general  pro- 
portionate to  the  number  of  invading  triehiiia'  in  the  muscles. 

The  tricluna?  are  found  iu  greatest  immbers  in  the  diiiphragm.  tlie 
t<»ugue,  the  intercostal  muscles,  the  uniscles  of  the  neck  and  larynx,  and 
the  thighs,  and  are  scattered  most  spai*ft«'ly  iu  the  distant  muscles  of  the 
extremities.  The  collection  is  usually  gi-eatest  aivmud  the  attaclimenra 
of  the  tendons. 
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§  205.  Filaria  or  Dracunculus  medinensis  (Fig.  418),  tli(?  guinea- 
ivorntj  is  a  tliiii,  fllifiirni  wnnii  t'l'oin  f>(»  to  1«M1  om.  long.  Up  to  the  press- 
ont  the  femtile  aloue  is  kno^ni.  The  i-ephalic  end  is  i-ounded  off,  while 
the  caudal  end  tapers  into  a  ])ointed  tail  curved  toward  the  l>elly.     The 

ejcterual   covering   consists  of  a 
Pip.  418.  Fig:.  419.  lirin  eiiticle  which  lMH!4>iues  thick- 

ened at  the  cephalic  end,  takin)^ 
the  yhn|>e  of  a  shield.  The  iiit4^.s- 
tiual  emiai  is  narrow  imd  po>;.sesse.s 
no  HUiis.  The  uterus.  fiUed  with 
yoviu^',  takes  np  the  ninjor  part  of 
the  whole  body-eavity.  The  em- 
bi-j'os  have  no  egg-sheU,  but  jkis- 
ses-s  a  tliiek  eutiele  and  au  awl- 
sliaped  tail.  As  intennediate  host, 
Xhv  fuiliryos  avck  small  Crustacea, 
coutaitied  in  wliirli  they  reach  the 
etonindi  ill  tliedriiikinp-water.  In 
Afri(*a  and  Asia  tlu'  wonn  nceui-s 
veiy  t'reiiuently.  It  develops  in 
the  «kiu  to  sexual  maturity,  and 
occasions  cutaneous  abscesses  on 
the  affected  s]M)ts.  Most  usually 
it  is  iViuiid  <in  tlie  lower  extremi- 
ties, espeeially  in  the  region  of  tine 
heeJ. 

Filaria  sanguinis  homlnis  i.s 
the  uiinif  Hpplk'il  to  tlie  liirvrt*  of  a 
worm  wliieh,  wlien   spxunlly  ma- 
ture,   is    Mliforni.    and    measures 
fi*oin  8  to  10  cm.  in  leii^h.    It  is 
called  after  its  discover*^*  Filaria  Bancroft!.    The 
intra'  are  0.3')  mm.  Uni^,  and  occur  in  the  blooil  and 
lymph  of  man.     The  wonn  lives  in  the  lymphatics, 
especially  those  of  the  scrotum  and  lower  extremi- 
ties.   It  causes  lympli-stjisis  and  inHnmmations,  which 
in  turn  lead  to  stnUiHg  of  the  hjntphaiir  rfhmds  ami 
elfiphantutsia-likt'  thickmimj  of  the  tittsuis,  combined 
with  o-deina  ami  lympliau^cetasia.    Pustular  inHani- 
ntations,  lymph-abscesses,  bulK>es,  chylous  hydrocele, 
and   asr-itcs  may  also  occur  in  consequence  of  its 
prescnue. 

Kn>m  the  lymphatics  of  the  limbs  and  wrotum 
the  e^trs  and  e^nibrj'os  (0.35  mm.  long)  {Fig.  419) 
spreail  into  oilier  parts  of  the  lyinpljjitie  nyslem  and 
into  the  blood,  and  cause  luvniaturiu.  chyluria,  and 
chylous  dirtiThf^^a.  According  to  Maiison  and  S«'heu- 
be.  the  niigiiitiou  into  the  blrK>d  takes  place  chiefly 

Feg.  418. — filarin  or  Vraeuncuhis  medittcHint.  (Leack- 
art-     Life  mze.) 

Fig.  419.— Embryo  of  Fiiaria  BancrofH^  known  as  TUu^ 
ria  nanffuimji  homints,  (After  Lewis,  Magnitietl  400  dia- 
meters.) 
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at  niglit — that  is,  while  the  patient  is  at  rest.  The  hfematuria  is  the 
re«uU  of  a  oollootion  of  eiubryos  in  th*?  hlood-veesels  of  the  uriuary  or- 
grans.  The  ohvluria  ami  llie  i.-IivIouk  diarrhwa,  on  the  other  hand,  are 
said  to  come  from  the  fat-t  that  the  jjarasites  o)>struct  the  thoracis  duet, 
80  thai.  lyrnpl]-8taKis  oi-cniv;  tlii.s  affiH'ts  also  the  lympliaties  of  the  blad- 
der aaid  inttMitine,  and  penults  exudatiou  of  lymph  in  these  loealities. 
Aeoctrdiiiff  to  Seheuhe,  the  Imrstinjif  of  thv  lyniphatics  lai^erat^s  the  blood- 
vessels also,  so  that  blood  is  mixed  with  lymph.  The  einbiyos  may 
leave  the  miliary  organs  by  way  of  the  urine. 

The  sprea<Iiug  of  tlie  embryos  is  effoet^^d,  as  Mauson  tliinks,  tlirough 
the  aj^encv  of  m()S([uiIoK,  which  take  them  up  in  the  at't  of  suokiug 
hliMid.  The  embrj'os  aittain  u  still  higher  stage  of  development  inside 
tlie  niosquitosj  after  whieh  they  make  their  way  into  water,  and  then 
onee  moi-e  into  the  liuniau  system.  I'robably  their  entnuu-e  into  the 
latter  is  effeet^efl  through  the  intestine.  The  eorreetuess  of  Mansou'a 
views  is,  liowever,  questioned  by  Leuekart. 

The  Fihiriit  sanguinis  oeeiu*s,  as  far  as  is  known,  only  in  the  tropics — 
Brazil,  Egypt,  m>uthera  China,  Calcutta,  Bahia,  and  Guadeloupe. 

Mackenzie  estimates  the  number  of  tilariu  embr>"os  present  in  the  l>lood  of 
a  ease  of  hn'matoohyluria  carefully  observed  by  him.  at  irora  thirty-six  to  fort^' 
milhoDs.  Tbe  patient  died  of  empyema,  and  the  fiiario?  perishea  during  this 
sickness. 

VariouM  specieti  of  jilaria  occur  in  the  domestic  animaU,  dwt^lling  in  varinus 

Kart«  of  the  body.  The  Filnria  ftapUtoxa  is  (^uite  a  common  parasite  of  the 
orse,  ass,  and  eattle,  hving  in  the  serous  cavities  ami  inxsgessinj;  a  length  of 
from  5  to  18  cm.  Film-ia  hipmatica,  a  worm  from  13  to  25  cm.  long,  occupies 
the  right  side  of  the  heart  and  the  ptUmonary  artery  of  the  tlo^,  and  there  sur- 
rcntlers  its  embryus  to  the  blood.  It  occurs  especially  in  Amerira,  China,  and 
liiilia. 

2.  Tre»ia(o(hif  (Suck iny- worms). 

§  206,  The  trematodes  are  sueking-worms  of  tongue  or  leaf  shape. 
They  |H)ssess  a  ehnging  apparatus  in  the  form  of  ventrally  plaeed  suek- 
ing-cupB  varying  in  number;  sometimes  they  are  also  provided  with 
h(K)k-  or  clasp-like  horny  projocilions  for  the  same  purpose.  Tlie  intes- 
tinal eanal  is  without  an  anus,  and  is  split  like  a  fork  through  most  of 
its  extent.  The  development  oeeurs  eitlier  directly  or  after  the  method 
of  alternate  generation  (through  germ-formation  hikituj  place  insidt  of 
primary  IwHts).     The  first  hosts  ore  pouches  which  chiefly  oecur  in  mol- 


Fio.  420. — Diatoma  hfpatiatm^  with  male  and  female  semal  apparatos.    (After 
Leuekart.    Magnified  2.5  diameters.) 
81 
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lti)*kt».  Th**  fully  df'veloped  trematodes,  with  but  few  exceptions,  are 
fouiul  in  vf rtelii-ate  aniniftls.  The  progress  to  sexual  niaturitr  is  furtht* nil 
hi  llie  ca^wH  of  altvruate  jL^neration  bv  au  interuiediati*  eiistein'e,  usually 
passed  in  the  lower  animaU^  and  oi-dinaiiiy  begun  by  au  active  nii^rra- 
tirm.  During  this  titnc  tlie  trt^matfideA  are  fitted  out  with  a  rudder-like 
tail,  by  means  of  which  they  swim  about  in  water  as  so-called  cerrarim. 

The  Distoma  hepaticum,  or  liver-leech,  is  a  leaf-shaped  sucking- 
worm  28  mm.  loijp  and  12  mm.  wide  (Fip.  420).  The  cephalic  end  pro- 
J'ects  like  a  lH*ak.  and  Ix'ars  a  small  8ucking-cup.  in  which  the  mouth  is 
iM'atcd.  Close  l>eliind  thifi,  on  the  ventral  surface,  is  a  second  sucking- 
cup,  and  Vietween  lh«  two  lies  the  sexual  firtfice. 

Th<*  uterus  f'oneisti?  of  a  convoluted,  hulV>-shaped  bag  situated  behind 
the  ptjstericn*  sucking-cup.  On  each  side  of  the  hinder  i>aii  of  the  body 
lie  tlie  yolk-sacs,  and  between  these  the  much-branched  testicular  canals. 
The  forked  intestinal  canal  also  gives  off  nrmierous  l.»ranches. 


Fio.  421. 
diameters.) 


-Eggs  of  Distoma  hepaiicum.    (After  Lenckort.     ^fagnided  200 


The  eggs  (F'ig.  421)  are  oval,  0.13  mm.  long  and  0.08  mm.  wide.  A 
gloljular-slmfrt'd  embryo  di-velops  iu  water,  and  with  the  help  of  a  finely 
riliat'i-il  nrraiigi-meut  swims  nliout  and  looks  np  a  new  host  of  the  Mol- 
liwk  family.  Acuordiug  U>  Leuckiirt,  the  small  liiuua^a  of  our  marslies 
and  meadows  slit'ltcr  the  young  of  the  liver-leech,  taking  for  this  pur- 
mise  t!i»-  fi»rm  of  a  redia — that  is  to  say,  u  germ-sac  with  an  intestine^  a 
birlli  njM  iiiiiL'',  and  a  water  va^cidur  system.  In  this  redia  there  next 
appear  gniu  granules,  and  fi'om  these  develop  cerrmi'd',  whieh  in  fonn 
n-iuind  <iiJ0  of  ladtJoU's.  Lutz  succeeded  iu  developing  liver-leeches  by 
fcnling  gniueu-nigs  ami  gouts  on  cercariu*  and  redite  developed  from 
liniuH'a,  and  he  is  of  tin'  opinion  that  tiie  lars'a*  get  into  the  liver  through 
tin-  portnl  vein.  The  M'xually  inatun-  imlividnal  occupies  the  bile-ducts, 
and  is  fouud  ^^ut  s<-'ld<iui  in  the  intestine  or  inferior  vena  cava.  In  man 
the  JM.sfoina  hpputicuin  is  rare,  but  is  common  in  animals  which  chew 
tlie  euil.  The  eonsecpienees  of  its  iuvaision.  espveeially  when  it  is  present 
in  great  rmnibei*s,  ar*e  obstruction  and  ulL'ci*ating  strictures  of  the  bile- 
ducts,  bile-stasis,  dilatation  and  incrustation  of  the  bile-ducts  with  bilc- 
concretionsj  indammation  of  the  ndjaeent  stnictures,  and  hyperplasia  of 
the  hepatic  connective  tissue  with  atrophy  of  the  glaudtdar  structure. 

Bat'lz  has  deBcribed  thrfM*  species  of  trematodes  which  tweur  in  Japan*  and 
wliicli  he  onlls  JMetomn  iifpaiia  fndfmicnm  jifmidosum,  liistoma  hcpntis  innocuMiii, 
and  Distoma  pHliHomilr.*  Tlie  last-meul ioued  species  is  from  8  to  10  mm.  long. 
dwells  in  the  hmirs,  aud  causes  hiemoptysis.  The  DiMoma  hepatis  rmiemicum  m 
the  size  of  a  pea.  and  oecupies  tlie  bile-pus-sages,  cauHiiig  liver  hyiwrtrophies  and 
diarrhcea.     According  to  Winogradoff,  there  occurs  not  iufrequeutly  in  Siberia 


*  Of.  Mattsou,  Lancet,  1883. 
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a  flpecial  kuid  of  liver-leech,  th«  Distoma  Sibiricumf  which.  aocordinK  to  Brown, 
is  potmibly  identical  with  the  liver-leech  of  the  cat  {JMitoma  fehneum), 

§  207.  The  Oistoma  lanceolatum  is  only  8  or  9  mm.  luiij;  untl  fn)m 
2  to  2.5  mm.  wi<lr,  i."^  i/iucet-yhupetl,  and  the  Ueail  se<!tiou  is  uuL  specially 
marked  off  from  tlie  bo<ly  (Fig.  42'J). 

The  skill  <it'  thr;  hoiiyis  smooth.  Two  irregularly  shaped  testicles  lie 
close  behiml  the  veutral  enp,  ill  front  of  the  ovary  and  litems,  the  coils 
of  whieh  Kiiiue  throu)j;h  the  transi^^Hirent  body.  The  anterior  coils,  which 
contain  ripe  v^fca,  are  black,  the  rest  belii^  a  nisly  reil.  The  yeUowisli- 
wliite  y4ilk-saes  lie  in  the  middle  of  the  lateral  margin. 


Fio.  422.— Dut/Miui  Janeeolaium  with  its  iimer  organs.      (After  Leuckiirt. 

MHgniKe<l  10  diameters.) 

The  eggfs  (Fig.  423)  are  0.04  min,  long,  and  while  still  in  the  utems 
contain  an  emI>ryo,  which  dues  not  es<^pe,  however,  until  several  weeks 
after  the  eggs  are  cast  off.     Itii  metamorplioses  are  unknown. 

The  IHstoma  hiuveoUiimu  likewise  occupies  the  biliarj*  passages,  but 
is  very  mre  in  man.  It  oceurs  more  frequently  in  sheep  and  cattle.  It 
is  present  only  in  small  mnuliers.  and  therefoi-e  o<'casions  no  important 
changes;  when  gi-eat  numbers  dti  oceur,  in  tiara  nuition  aud  hypertrophy 
of  the  hepatic  couuectivu  tissue  may  eusue. 


Fro.  423. — Eggs  of  Dintotna  lanoeotatum  shortly  after  the  formation  of  a  ahell. 
{After  Leuckart.    Maguilied  400  diameters.) 

§  20S.  In  the  DIstoma  hsmatobium  (Pig.  424)  the  sexes  are  sepa- 
rate. The  mouth  and  ventral  cup  lie  imly  a  short  distance  apai-t  on  the 
anterior  extremity  of  the  newdxirii  individual.  The  sexual  itpening  Ii*'s 
in  br»th  sexes  close  !)ehind  the  ventral  sucking-cup.  The  nude  is  from 
12  to  14  mm.  long.  Its  body  is  smooth,  but  in  its  postcrii>r  portinti  is 
rolled  u]>  into  a  tube  (Fig.  424)  which  serves  for  tJie  recejititm  of  the 
female  (canalis  gjnia^cojdionis). 

The  female  is  from  16  to  10  mm.  long,  and  almost  cylindrical.  The 
eggs  are  an  elongated  oval  (Fig.  425)  mea*<uring  0.12  nun.  in  length,  and 
possess  a  terminal  or  lateral  sj)ine.  According  to  Sonsino*8  observations, 
no  alternate  geuemtion  occurs  in  tlie  development  of  the  Distoma  hvtma- 
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tobium.  The  part  of  intermediate  host  is  taken  by  small  Crustacea,  into 
which  the  ciliated  embryo,  swimming  around  in  water,  bores  its  way  to 
become  encapsulated  in  tie  former's  tissues.  In  all  probability,  then, 
infection  occurs  by  drinking  water  infected  with  the  larvse. 

The  worms  are  found  in  the  trunk  and  branches  of  the  portal  vein, 
the  splenic  vein,  the  mesenteric  veins,  and  also  in  the  rectal  and  vesi(?al 
blood-vessels.  They  get  their  nourishment  from  the  blood,  and  occur 
in  men  and  apes.  Their  eggs  pass  through  the  mucosa  and  submucosa 
of  the  ureters,  bladder,  and  rectum,  and  at  times  the  liver,  lungs,  kidneys, 
and  prostate  as  well.  They  give  rise  to  inflammation  of  the  bladder  and 
lusters,  with  the  formation  of  papillary  and  polypoid  growths,  ulcera- 
tions, incrustations,  and  concretions.  While  still  within  the  urinan* 
passages,  cylindrical  embryos  proWded  with  fine  cilite  may  develop. 


Fig.  424.  Fig.  425. 


Fio.  424. — Distoma  hamatohiuin,  (After  Leuckart)  Male  and  female,  the 
latter  in  the  canalis  gynfiecophoma  of  the  former.    (Mf^nifled  10  diameters.) 

Fio.  425. — EggB  of  Distoma  Juematobium.  (After  I^uokart.)  a,  Egg  with 
terminal  spine ;  0,  Egg  with  lateral  spine.    (Magnified  150  diameters.) 

The  parasite  occurs  throughout  the  entire  eastern  coast  of  Africa, 
and  »ilso  in  Zanzibar,  Tunis,  Lake  Nyassa,  in  Be3Toot,  and  in  Sicily.  It 
is  most  common  in  Egypt,  where  25  per  cent,  or  thereabout  of  the  native 
population  suffer  from  this  disease. 

3.  Cestodes  [Tapetporms], 

§  209.  The  tapeworms  axe  flat  worms  devoid  of  mmtfh  or  intestiney  which 
increase  after  the  method  of  alternate  generation,  through  the  germina- 
tion of  a  pear-shaped  primary  host  (head  or  scolex),  and  remain  united 
to  the  latter  for  a  considerable  time  as  a  (usually)  long,  band-shaped 
colony.  The  single  members  of  this  colony,  the  sexually  active  indiWd- 
uals,  or  proglottides,  increase  in  size  the  more  widely  they  become  sepa- 
rated from  their  place  of  origin  by  the  formation  of  new  members,  but 
outside  of  this  are  devoid  of  any  outward  peculiarity.  The  pear-shaped 
primary  host,  on  the  other  hand,  known  as  the  scolex  or  head,  is  pro- 
vided with  from  two  to  four  suckers,  and  usually  also  with  eur\'ed,  claw- 
like  hooks.  With  the  help  of  these  adhering  organs  the  tapeworms 
fasten  themselves  to  the  intestinal  wall  of  their  intermediate  host,  which 
invariably  seems  to  be  one  of  the  vertebrate  animals.  The  seoleces  de- 
velop out  of  a  round  embryo  with  from  four  to  six  hooks,  and  are  found 
as  so-called  "measles"  in  the  most  diverse  organs,  chiefly  the  parenchy- 
matous ones ;  later,  they  move  out  of  these  organs  by  a  passive  migration 
into  the  intestine  of  their  future  host. 
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The  iapewonns  whirh  orcur  an  pftnutiifa  in  man  heUmg  to  iliffcivnt 
families — the  r«Mi<c  und  the  Botknocephali.  Tlie  funnel'  live  in  man 
either  as  •'  me^es  "  or  as  tapeworms.  The  latter  oceur  in  hmnnu  i>pings 
as  tapew(»rm8  only. 

§  210.  The  Ttenia  solium  in  its  fully  developed  condition  possesses 
usually  11  leugtii  of  fniru  2  to  H  nu'tre^;.  Its  head  (Fig.  426)  is  as  large 
iu*i  a  small  pinheud,  and  la  spherieal  in  shape;  it  lias  quite  prominent 
sueking-<'nps.  The  ei-own  of  it.s  hoad  is  not  iiifretjneutly  pigmented,  and 
is  the  bearer  of  a  fairly  larg*.*  rusU'lhim  with  some  twenty-six  e*oarse, 
closely  aggregated  hooks,  witii  short  rootlets  (Fig.  426).  Following  the 
head  <:^ontes  a  filiform  nft'k  almost  an  inch  long.  A  cert-ain  distance  fi*om 
the  head  thei*e  cuniineiiees  a  division  into  segmenrs.  The  first  m/nifnfs 
are  ver>'  short,  hut  tlieir  length  increases  from  before  backward  (Fig.  427). 
They  be<:ome  firist  s^juan^  and  flnidly  longer  tlinn  they  are  wide.  About 
i:iO  cm.  behind  the  liead  the  mature  segments  begin,  though  the  sexual 
organs  were  fully  developed  in  the  earlier  segments.  The  mature  seg- 
ments {Fig.  428)  are,  when  stretched  out,  9  or  1 0  mm.  bmg  and  6  or  7  nmi. 
wide,  and  have  their  comers  rounded  off.  The  sexual  oritiee  is  situated 
laterally  in  the  posterior  half  of  the  body.  The  uterus  possesses  from 
seven  U*  U'n  lateral  branches,  which  are  M-paratetl  from  one  another  iiy  a 
considerable  distance,  and  end  in  a  varial>le  number  fif  b*>ughs  branched 
like  a  tree.     The  uterus  is  filled  with  eggs. 

The  lian^nehyma  of  the  body  of  mature  as  well  as  of  immature  pro- 
ghttiihs  (or  tapeworm  segments)  (Fig.  429)  is  divided  into  two  chief  layers, 


Fijr.  420. 


Fig.  427. 


Pig.  428. 


Fio.  426. — Head  of  7rt'HiVi  ftolium  with  protnuUnp  rostellum.  (Preparatiou 
stained  with  carmine  and  mounted  in  Canada  balsam.    Magnified  50  diameters.) 

Fio.  427.— Half -developed  and  fully  matured  segments.  (Natural  aize. 
After  Leuckart.) 

FiQ.  ^ffl. — ^Two  proglottides  with  uterus.  {Magnified  2  diameters.  After 
Lcuckut,) 
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of  which  the  central  is  kiunvti  ajs  tlie  iiiiiUUe  layer,  the  pefipheral  a^  the 
forticttl  Uyer.  The  miUillo  layer  includes  the  sexnal  oi-gans  (Fig.  429,  r. 
(/,  p,/, y,  K  i,  kf  I,  H(,  m),  and  also  \ho  water  va.seular  system  («).  aii  excretory 
appai-atiis  wluoh  ti'uverses  the  whole  tapewtinn  from  head  to  last  styg- 
ment  in  the  form  of  two  canals  lorated  in  the  latoi*al  hftrder  of  the  mid- 
dle layer.  Tlie  canals  ai*e  connected  witli  eaeh  other  at  the  posterior  end 
of  eiwh  se^neut  Un)  and  also  send  subdividing  branches  to  the  pareu- 
ehyina  of  the  Ix^dy. 

The  sej-mil  ajtpai'atuii  e<in.sislj^  of  male  and  female  Kexual  orj^ns  lying 
close  together  (Fig.  429).     A  number  of  clear,  small  vesicles  serve  a& 

testicles  (r),  lyinfc  chiefly  in 
the  anterior  part  of  the  mid- 
dle layer.  Thu  vas  deferens 
('),  whieli  is  cimneeted  with 
tlie  testieh»s  by  the  seminal 
diu-ts  {du  opens  into  an  um- 
bilieutod  i>apiUa  located  <ni 
the  Ifttera!  l>order  (A).  Tlie 
coiled  end  {/,  g)  lies  in  a  mns- 
ciilar  bag  and  may  be  pro- 
trniled   through    the   sexual 


Fig.  429. — Segment  of  TVrwa  solium  with  fullv  ilevtiUtped  sexual  apparatus. 
(After  Sommer.)  A.  Surface  view  of  segment;  B,  Border  of  adineent  anterior 
se^i^meDt;  C^  That  or  adjacent  posterior  segment,  a,  Longituuiiial  excretory 
tnuik  ;  a\  Transverse  anasti>mosm ;  b.  Longitudinal  plasma- vessel ;  c.  Testicular 
ve.sicles ;  r/,  Seunnul  duets ;  e,  VnH  dt-foreus ;  /,  <'irrus-bag  with  cirrus  (or  penin) ; 
ff^  Ponu*  genitjilij* ;  A,  Border  priinllH  ;  J,  Vagina ;  A.  Ovarv  ;  /,  Albumin  ghind  ; 
m,  Shell-gland,  and  ovidiirt  in  tnmt  or  same;  n,  UteruH.  (Magnitied  30  dia- 
njeteni.) 


orifice  (cfmw).  The  female  sexual  orifice  is  located  just  back  of  the 
mate  oi*iiice  in  the  sjime  sexual  cloacus.  The  vagina  {i)  leads  thence 
to  the  posteriin-  border  of  the  segment.  Before  reaching  the  latter 
it  widens  into  tlie  .'icniinal  vesifle,  and  behind  this  into  the  fructifying 
canal  and  the  so-ualled  '"globular  body."  The  germ-preparing  organs, 
which  arc  to  be  songlit  in  the  iunnatnre  segments,  consist  of  a  double 
ovary  (A*)  and  a  single  albuminous  gland  [l);  these  are  sac-like  or  tubu- 
lar organs  wlitdi  lie  in  the  posterior  part  of  the  segments  and  are  con- 
nected with  the  globular  body.  The  latter  is  joined  to  the  anteriorly 
located  uterii.s  (i»).  which  at  llie  time  of  sexual  nintunty  fonns  a  stiiiight 
canal.  When  tlie  eggs  enter  the  uterus  from  the  glolndar  liody,  in  which 
they  attain  their  fii-st  stage  of  devehipment,  the  above-mentioneil  lateral 
brnuclies  sprout  forth  and  become  JHled  with  eggs.  Wliile  this  is  going 
on  the  remaining  sexual  organs  disappear. 

The  rortiral  hnj*'r  of  the  jyro/fhfti^Us  is  essentially  musenlar  in  charac- 
ter, but  in  addition  contains  a  larger  or  smaller  collection  of  so-called 
calcai'cous  bodies,  whieh  are  not  entirely  wanting  in  the  middle  layer  as 
well.  The  muscular  supply  consists  of  smooth  fibres,  whieh  form  special 
groups  on  the  snckers  of  the  hewl.  The  snrface  of  the  taj^wiuin  is 
covered  with  a  clear  cuticle,  which  forms  the  hooks  on  the  head. 

The  eggs  in  ihe  omnf  are  thin-skinned,  pale  and  yellow,  almost  glol>- 
ular  cells.  In  the  ntenis  they  change  into  yellowish  balls  wth  a  lliieker, 
moi-e  or  leas  opaque  shell,  which  is  covered  with  closely  placed  spicules 
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(Pig.  430,  a).  T\m  shell  is  frequently  surrounded  V»y  a  second  envelope, 
au  albunuuuus  layer  {b)  limited  bv  a  membrane,  and  iu  it  are  embedded 
nuclei  (primitive  yolk-skin,  or  vitelline  membrane).  The  diameter  of  the 
eggs,  not  including  tin/  vitelline  membrane,  amounts  to  0.03  mm. 


Fio.  430.— Kggs  of  Ttema  Boiiuni' 
6,  With  Wtelline  membrane ;  a,  With- 
uut  latter.  (After  Leuekart.  Mag- 
tiitied  3()0  (liaiiieitfrB.) 

FiO.  4B\.—C!/8ticercus  CfUuloste 
with  fully  developed  liead  in  ititiu 
(After  Leuckart.  Magnified  4  dia- 
meters.) 


Fig.  430. 


.li 


Fig.  431. 


The  thiek-shelled  halls  are  no  longor  undeveloped  eggs,  bnt  contain 
au  enthryo  with  six  booklets.  There  takes  plaee,  then,  wliilt?  it  is  still  in 
the  uterus,  a  development  of  the  emluTo,  and  the  fully  developed  eeg- 
mentis  are  here  impregnated. 

The  further  dcfeiopment  of  thv  fmbrt/os,  whif^h  nre  now  inclosed  in  a 
brownish  shell,  does  not  take  place  in  tin'  sanu^  lutst  which  sheltcrn  the 
tapeworm,  but  in  another.  If  tlte  enibiyos  reach  tiie  stomach  of  a  pig  the 
egg-sliell  becomes  dissolved,  and  the  enihiyos,  thus  liberated,  h<)n'  their 
way  into  the  wall  of  the  stomach  or  intestine.     Thence  they  proceed, 

either  by  way  of  the  bUtod  or 
by  means  of  active  migration, 
through   the   tissues   into  this 
organ  or  tlmt.     Ha>Tng  reached 
a  resting-place  the  ernhryo  un- 
dergoes various  met  urnurplKises, 
and  changes  inside  td'  two  nr 
three  nionths  into  a  n/st  filled 
\      willi    seniui    (Fig.   481),    fnun 
I      whose  wall  there  shoots  forth 
*?      like  a  hud,  t<iward  the  inteiior, 
a  »i'ohx;  fi-om  this  a  new  tape- 
I         worm   liead   develoi>s,  as   does 
,         also  a  sac  enveloping  the  same 
'         [recei>fantjntti  sr^iffHs). 
j  The  eyst  ]>rovided   with   a 

taiwworui  head  is  known  as  a 
'•  measle  "  or  Cysticercus  cel- 
lulosee.  The  seoleces,  when 
fully  develo|>t»d,  pos.sess  a  circle 
of  hooks,  sucker-8,  a  water  vas- 
cular system,  and  numerous  od- 
careous  Imdies  in  tlieir  l)ody 
paivnchyma.  If  tbey  get  into 
a  buman  st<imaeh  the  evst  dis- 


Fio.  432.— Cystioerci  of  the 
7'i^iia  solium  iu  the  epieardium 
and  muscular  tissue  of  the  heart 
of  a  pig. 
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solvcR,  and  tliPrp  develops,  thnnigb  fumiation  of  M^'gmente  from  this  pri- 
mary  host  (Amme),  a  new  chain  of  proclctttides,  a  new  TtFnia  /colium. 

The  Tftnia  aolium  oocupies  the  ttniall  intestine  iu  man,  and  is  acquired 
by  the  consumption  of  uncooked  pork,  since  the  "  measles  "*  beloDgin^  to 
this  parasite  occur  almoHt  solely  in  human  beings  and  swine.  Genenilly 
there  is  only  a  single  parasite  present  in  the  int<?stine,  though  the  simoi- 
taneous  occurrence  of  several  is  not  rare.  Ocoasiotially  as  many  as 
tliirty  or  forty  are  observed  in  one  individual.  They  occasion  irritation 
of  the  intestinal  mucous  membrane,  eolic,  and  reflex  ditsturbanees  ixk  the 
centra]  nervous  system. 

The  "  measles  "  in  the  ti.ssues  of  the  swine  are  sometimes  single,  some- 
times numerous  (Fig.  432).  and  it  can  hap|)en  that  sincrle  organs — as,  for 
eixample,  a  muscle  or  the  heart  (Fig.  432)— may  l>e  tliickly  sprinkled  with 
them. 

In  man  the  cvsUoerci  occur  in  the  most  varie<l  tissues — the  musolesk. 


Fig.  433. 


Fig.  434. 


Pig.  435. 


W^^"^^^^^ 


brain,  fver*,  hkin,  etc.  In  the  brain  mem- 
braiifs  and  the  braiu  itiielf  the  **mea&lt«" 
may  appear  in  the  form  of  c'oIle<'tious  of 
cystJ4  bunched  like  njuiljerries  or  grapes,  and 
called  Ct/sti^ereus  rarentomts  (Zenker).  The 
cysts  are  mostly  sterile^  though  some  of  them 
may  contain  a  s<'ulex.  Their  importance  de- 
pends n]>on  their  location,  but  is  generally 
slight,  and  even  their  presence  in  the  brain 
does  not  tUways  cause  trouble.  Locally  their 
preseiK^e  excites  a  slight  iutlaDiinatiou,  whicli 
leads  to  a  thickening  of  the  connective  tissue 

Fio.  4'i3. — Septions  from  a  Tiettia  saginatti. 
(Natiu*al  size.    Aft<^r  I.<euekart.) 

Fig.  434.— Head  of  a  TffwVi  sagintita  drawn 
together.  Blaok  pigmentation  in  and  betWM-n 
the  suckers.  (Unstained  glycerin  preparation. 
3Iagniflied  ^^0  dinineters.) 

Flu.  43<'.— Segment  of  Ttenia  aaginaitL.  (Mag- 
nified li  diameters.    Aft«i-  Leuckart.) 
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in  the  immediate  vicinity  of  the  cyst.  The  latter  retains  its  vitality  for 
years.  After  the  deatli  of  the  scolex  the  cyst  shrivels  up,  and  within  it 
there  accuiuuhites  a  cliitlk-like  mass.  lu  this  mass  tlie  hooks  remain  a 
ktng  time.  Infection  with  Uie  "measles^'  follows  the  presence  of  eggs  or 
proglottides  in  tlie  human  stomacli. 

§  211.  The  Teenia  mediocanellatit  [or  saginata)  suqtasses  the  Tceuia 
aoliutu  not  only  in  length  (as  much  as  from  4  to  7  metres  and  even  longer), 
hut  also  in  hi-eadth  anil  thickness,  as  well  as  in  th<*  size  of  the  proglottides 
(Fig.  433). 

The  iie4id  is  devoid  of  rostelluin  and  a  <'irele  of  hooks  (Fig.  4.'34),  Lnt 
is  provided  with  a  flat  <*rown  and  fonr  large  and  powerftil  snckers,  whicli 
are  genei'ally  surrounde<l  hy  a  lilaek  fringe  of  pigment. 

The  egffs  arc  similai*  to  those  of  the  Ttettut  solium.  The  fully  devel- 
oped, pregnant  uteru.t  (Pig.  43'))  lins  a  givat  nun)l>er  of  lateral  branches 
which  run  flose  together  and.  iustettd  of  hraucbing  like  a  tree,  tlivide 
only  diehotomously.  The  sexual  orifice  lies  posterior  to  the  centre  of 
the  lateral  bortler.  The  eggs  arc  for  the  most  part  alrendy  discharged 
from  tliose  segment**  which  become  spontaneously  separat^sl  from  the 
pest. 

The  "Mi«««^f.«r"  arc  found  in  the  cow  chiefly  in  the  Tnnscles  and  heart, 
more  rarely  in  other  organs,  and  are  somewhat  smidler  than  in  swine. 

The  fiefeiopitu'nt  follows  a  course  siniihir  to  that  of  the  Tivnut  solium. 
Trregnlanties  of  fonnation  are  very  common  in  tlie  tapeworm. 

Human  beings  ae«|uiro  ta;pe%vorms  by  the  i-onsumption  of  luw  beef. 
This  worm  is  more  wide-spread  than  the  Tania  solium. 

The  jfrfHW  cucumerimt  {or  eiiipticti)  is  from  15  to  20  em.  long,  and  poriflesMi 
n  head  with  a  rostelluin  and  a  circle  of  hooks.  It  occm^  very  frequently  in  doga 
and  Knis,  but  more  Beldom  in  man*  Its  cysticercoid  infe.sls  the  lonse  and  flea 
of  the  dug,  and  more  nintly  the  tlen  of  human  beings  ((-inwsi  •). 

Teenia  miner,  a  siuiaU  tupewonii  from.  8  to  15  mm.  loug.  has  a  bead  with  four 
suckers  and  a  eirele  of  hooks.  It  has  been  obser\ed  in  EgJ^^t  and  Italy.  B. 
Orassi  f  was  able  to  obtain  several  thou^nd  specimens  from  two  Sicilians  who 
had  suffei-ed  from  severe  nervouH  di'durbance.s,  Acoonliiig  to  liis  iuvestiga- 
tion»,t  the  tienia  pasHtw  its  wliole  period  of  development,  from  the  embryonal 
stag'e  onward,  in  tue  interior  of  one  boet.  Visconti  found^^  in  an  autopsy  on  a 
young  man  from  northern  Italy.  Ttenia  nan/t  in  great  numbers  in  the  lower  part 
of  the  ileum.  According  to  Grassi,  the  Ttenia  IfptocephaUtf  which  is  common  in 
mice,  occurs  also  in  luun. 


§  212.  The  Tsenia  echinococcus  livcsi  in  the  intestinal  canal  of  the 
dog.  It  is  4  mm,  long,  and  posses.^es  only  fom*  segments,  of  which  tlie 
most  pt>sterior  surpasses  in  length  jill  tJu;  rest  put  together  (Pig.  43G), 

Tlje  hottklets  have  coarw  r*M»t  processes  anil  are  implautetl  on  a  roR- 
tellum  vvhii'h  bulges  out  consiiU-rably.  The  nunjber  of  liDoklels  umoimts 
to  some  thirty  or  forty. 

Only  the  rifst-worm  occui*s  in  man.  It  follows  the  introduction  of 
tfieniu  eggs  into  the  intestinal  camil. 

If  the  embr\'o  chances  to  wander  from  the  intestinal  canal  into  some 

•  "Beitrflge  zur  Kenntniss  des  Entwickelungsovclus  von  fiinf  Parasiten  des 

OS,""  CenimlbL  f.  Bakt.,  iv„  1888. 
t  CnitraWLf,  Itakt,  i.,  18K7. 
X  Centralhlf.  Bakt.,  \l,  IBKi. 
i  I^TuiicQnti  M,  Instituto  Lombardo,  xviii..  1886. 
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organ,  it  changes  int^)  a  ajsl  whirh  is  incapable  of  active  motlou.  It 
consists  of  au  external  elastic  rutide  divided  into  hiycrsy  and  a  parenohy- 
niatons  layer  lying  internal  to  tins,  eonsinting  of  ^rrauiilAr  matter  and 
celLi,  and  euntaiuing  muscle-bmidles  and  a  circulatory  Bysteni.  When 
the  cyst  has  renelied  the  size  of  a  wtdnut  approximately  (sometimes 
earlier),  there  are  formed  from  the  parenehjnnatons  layer  small  OrrHtd- 
capsufe^f.  the  delicate  wall  of  which  likewise  cniisists  of  two  layei^s.  an 
inner  eutieular  layer  and  an  outer  parenehj^inatous  layer.  Upon  tJiese 
hrotid-wipsides  tlie  small  heftds  or  smhres  (Fig.  437)  deveh»p  in  manifold 
numliei's.  They  jri-ow  (according  to  Leuckart)  out  of  hollow  sacs  which 
huljife  out  from  the  external  wall  of  the  Itrood-capsules  (Pig.  437,  on  the 
left). 

As  soon  as  the  heads  on  the  outer  surface  of  the  brood-cap- 
sules have  finished  their  metamorphosis  into  tapeworm  heads  (earlier 
at  times),  they  iirf»je<*t  into  the  ca\ity  of  tlie  capsides  (Fig.  487).  U'hat 
vrixa  fonnerly  the  inner  side  of  the  youufir  heads,  the  part  provided  with 
a  eutieular  eovenu^%  now  be4romes  the  exterior,  while  the  eell-walbi  of  the 
heud,  now  bi-onprht  into  inime<liatecontrtet,  coalesce.  The  heml  is  at  this 
time  alxmt  O.I!  nun.  loufj,  and  possesses  a  i-ijstellum  with  coarse  hookleta, 
four  suckers,  a  watir  vascsilar  system,  and  numerous  chalk-like  bodies 
in  its  i)ai>*nohynia.  Frequently  the  anterior  part  of  the  l>ody  is  tele- 
scoped into  the  posterior  part  (Fig:.  437). 


Fi^.  436. 


Fig.  437. 


Pm.  43fi.— FuIl-KTown 
Magruified  12  diameters.) 


Ttmia   wMfioooceM.     (After    Leuckart.* 


Fig.  437. — ^Brood-eapHuIes,  showing  counection  with  the  paren- 
chjTuatous  layer  j  some  cloBecl  up  and  ruptured  in  preparing.  (After 
Leuckart.) 


In  many  oases  the  echlnococcus  cyst  remains  single.  The  only 
p4)s8iljle  variation  consb^tK  in  au  cnlargemeut  to  the  size  of  an  oninpe  ur 
fist,  t!ir<>u^h  the  development  of  new  brood-capsule.s  and  heads.  The 
Hun-oundiii^  tissue  forni.s  a  coniiective-tifi.sue  capsule,  in  which  the  eutic- 
idar  cy.st  lies  iuidosL'd.  The  cavity  of  the  e\*8t  is  filled  with  a  clear  Huid, 
which  doe.s  not  ]»rcctpitate  on  lioiling  or  on  the  a<ldition  of  acid.  The 
brood-e.ap8ules  are  always  fastened  to  the  inner  surface,  nnlegts  niccham- 
cally  dislodfjed,  and  are  AT^sihlc  as  small  wlute  poiuW  through  the  trans- 
lucent cyKt-iauvnchyma.     Oeeasionally  the  cyst  remain!*  steiilc. 

Li  some  cjises  daughter-cysts  ilevehip.  Thi-ir  df*veh>pineut  proce*;»dfl 
independently  of  the  real  parenchymattius  layer  in  the  depth  of  the  euti- 
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cle.  Between  t%vo  laiiieUa*  of  tlu*  eutifle  there  in  foniied  a  oolleotioii  of 
granules,  which  become  smTounilcil  ^y  a  new  cuticle  and  in  this  way 
become  the  centre  of  a  fresh  set  of  layers.  As  tlie  number  of  layers  iii- 
ereaaea  the  oanty  fji-ows  larger  and  its  contents  become  clear.  Wlien  the 
daughter-cysts  jrrow  tlicy  Indge  out  the  wall  of  tlie  i>ai**'ut-(.'y8t  like  a 
het-nial  sac,  until  it  iinally  gives  way  and  liberates  its  contents.  If 
these  travel  tiutward  ln-sith^  the  parent-eyst  they  derive  fi-oni  tlic  paren- 
chyma in  which  they  lie  an  external  eonncctive-tissue  capsule,  and  then 
pi-oceed  to  generate  brood- capsules  in  tlie  same  way  as  do  the  primary 
cysts  which  jrrow  fi-om  six-hooked  embryos. 

An  echinocoecus  with  an  t'jrotjFHous  jtroliferation  is  csHed  Echinococcus 
srranulosus  {tSfoJenpanenn  of  Kiicbenmeis1er),or  sometimes  Echinocoecus 
veterinorum,  beeause  it  occurs  eomnionly  in  the  domesti<_^  animals. 

A  second^  compound  form  of  the  echinocoecus  is  the  Echinocoecus 
hydatidosus.  It  is  cliarn^'tcTized  l>y  the  jire^nce  of  ittnet'  dftuf/hftr-ef/Kts. 
According  to  statetneiit>i  made  by  Naiinyn  and  conflrmed  by  Leiickart, 
the  .^colcecsand  Ijrood-capsules  may  undergo  a  cystic  metamorphosis  and 
in  this  way  Ix't^ome  dau^htcr-cyst^i.  Leuckart  opposes  Naunyn's  state- 
ment that  these  endogenous  dauffhter-cysts  miprrate  outward  and  thus 
^aerate  the  £chhitfcoccns  granuhsHS.  The  daughter-cysts  occ^isioiially, 
in  a  later  stage  of  theii*  exist*'nce,  give  origin  to  a  third  generation  of 
cysts.  AU  cysts  occurring  in  the  fonus  of  echiniMncci  thus  far  eonsid- 
ereil  may  attain  a  very  consideralde  size. 

The  third  fomi  of  echinocoecus,  the  Echinocoecus  niu1tili»cularis. 
never  develops  any  but  small  cysts  which  vaiy  in  size  from  that  of  a 
millet-seed  to  that  of  a  pea,  but  these  cysts  are  invai-ial>ly  present  in 
larger  uuml'ers.  This  echinocoecus  jiresents  itself  as  a  firm  tiimor,  lo- 
cated usually  in  the  hver,  very  i*arcly  in  other  organs,  and  possessing  an 


■if. 
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Fiif.  43b.  — Transverae  section  of  an  Echittococcus  muUiioeutari^.  «,  Alveolar 
structure  of  the  echinocoecus  tissue ;  6,  Liver-tissue ;  e,  Ca^Hty  produced  by 
softening;  d,  Fresh  nodules.     (Natural  Hize.) 
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alveolar  structure  (PHg.  438) — that  is,  a  thick,  compact  connective-tissue 
mass  inclosing  numerous  cavities.  Its  contents  are  gelatinous  and  trans- 
lucent, or  else  consist  of  a  fluid  and  a  gelatinous  mass.  The  shape  of 
the  cavities  is  somewhat  globular  at  times,  at  others  irregular.  Usually 
through  softening  and  destruction  of  the  parenchyma  ulcerous  cavities 
(c)  are  formed  here  and  there.  In  other  places  the  cysts  are  shriveled 
up  and  calcified,  or  the  tissues  are  infiltrated  with  bile.  Where  the  de- 
velopment  of  the  colonies  has  progressed  further  there  appear  in  the  tis- 
sues yellow  nodules  {d )  in  which  a  dark  centre  soon  forms,  later  becom- 
ing liquid.  The  exquisite  alveolar  structure  has  given  rise  to  the  theory 
that  echinococcus  is  an  alveolar  tumor  with  colloid  contents.  Virchow 
was  the  first  to  recognize  the  real  nature  of  the  process  and  to  demon- 
strate that  the  so-called  colloid  masses  are  echinococcus  cysts.  The  con- 
tents of  the  smallest  cysts  are  granular  masses ;  in  larger  ones  the  con- 
tents have  become  liquefied.  The  granular  coating  of  the  cuticle  only 
rarely  contains  scoleces,  the  cysts  being  for  the  most  part  sterile. 

Whether  the  multilocular  echinococcus  is  a  modification  of  the  exoge- 
nous proliferating  echinococcus  or  a  separate  species  is  as  yet  undeter- 
mined.    Mangold  and  MuUer  consider  it  a  distinct  species. 

The  infection  of  human  beings  follows  the  chance  ingestion  of  eggs  of 
the  tasnia  which  occurs  in  dogs.  The  liver  is  the  most  frequent  site  of 
the  cysts,  but  the  echinococcus  occasionally  occurs  in  the  most  diverse 
organs — e.g.,  the  lungs,  spleen,  intestine,  bones,  or  heart.  Apart  from 
the  disturbance  of  the  tissues  and  the  local  inflammation  which  it  excites 
(the  latter  caiise  leading  in  some  organs  to  the  formation  of  a  connective- 
tissue  capsule),  it  frequently  has  no  harmful  effect  whatever  on  the 
patient.  It  often  dies  on  attaining  a  certain  size  (from  the  dimensions 
of  a  walnut  to  those  of  an  apple),  the  liquid  becomes  absorbed,  the  cyst 
shrivels  up,  and  there  remains  within  only  a  fatty,  caseous  detritus, 
which  often  calcifies  to  a  mortar-like  mass.  The  hooks  may  be  found  in 
this  mass  for  a  very  long  time. 

In  other  cases  the  echinococcus  enlarges,  especially  if  endogenous  or 
exogenous  daughter-cysts  develop.  Under  these  circumstances  it  may 
become  dangerous  on  account  of  its  size.  Occasionally,  especially  follow- 
ing traumata  or  rupture  of  the  cysts  into  one  of  the  body-cavities,  seven* 
infiammatious  ensue.  Rupture  into  the  blood  circulatory  system  also 
occurs,  and  may  lead  to  a  transplantation  of  the  cysts  and  to  a  plugging 
of  the  vessels.  In  more  favorable  cases  the  rupture  points  outwardly  or 
into  the  intestine. 

The  eeliinococctis  is  very  wide-spread,  though  not  very  common.  It 
occurs  most  fi*equently  in  Iceland,  wliei*e  the  inhabitants  live  in  close 
contact  with  dogs.  It  is  a  striking  fact  that  the  multilocular  fonii  is 
chiefly  observed  in  Switzerland  and  in  soiithern  Germany. 

Tirnia?,  exclusive  of  the  kinds  shared  in  common  with  mau,  occur  ver>'  fre- 
quently iu  the  domestic  animals,  and  not  only  in  the  Camivora  and  in  birds,  but 
in  the  Herbivora. 

The  Ttenia  marainata  of  the  dog  is  a  tapeworm  from  1  to  5  metres  long,  pro- 
vided with  a  double  circlet  of  hooks,  living  as  a  cyst-worm  in  and  beneath  the 
serous  membranes  of  sheep,  cattle,  goats,  and  swine,  and  forming  cysts  of  vari- 
ous sizes. 

The  Tcenia  serratay  a  tteuia  of  the  dog,  some  50  to  100  cm,  long,  armed  with 
hooks,  is  the  developed  state  of  certain  cysticercw  occurring  in  rabbits  and 
hares. 
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The  7imia  {xtnurus,  a  tapeworm  of  the  dog,  some  40  to  100  cm.  in  lent^h 
and  provided  with  hooks,  passes  its  cystic  stage  most  frequently  in  sheep.  Here 
it  8eeka  out  the  eeutral  iitTvoiia  svKtein  luid  forms  cystri  which  vary  In  .size  frtim 
that  of  a  luillel-seed  to  that  nT  a  benV  e^^,  and  which  produce  ifreat  numlwrs 
of  scolecf'8.     Their  presencp  in  the  brain  causes  the  so-called  "  stag-gers.'' 


chanibei's  {k),  on  the  other  hand, 
aro  h>e4ite»i  in  the  cortical  layer. 
Back  of  the  t^olJeetiufr-tube  {*')  of 
the  Yolk-^difiiuhers  lies  the  shell- 
gland  \k).  The  testicles  consist  of 
clear  veHi^des  (7>)  lyinjr  in  the  latei-al 
part  of  the  middle  layer  and  eon- 

Fro.  430. — Bothriocephalug  latus. 
(After  Ijeuckart.    Natural  size.) 

Fm.  440. —  Head  of  JUiihriocephnlug 
laiua  of  Bremser.  (MagniAed.  After 
Heller.) 


440. 


§  213.  The  Bothriocephalus  latus,  nr  pithead,  is  the  Tuost  foriui- 
dahle  tjipt^woti»i  of  niati,  ineasurinp,  a.s  a  rule,  fr»nn  5  U>  8  ineti'es  in 
lengthy  and  being  luiule  up  of  fnim  three  to  four  tlioustiiid  short  V»ut 
broad  segments  (Fig.  4'.id) ;  these  are  hr(»ad- 
est  ill  tlie  middle  regiun  and  get  narrower  at  Fig.  439. 

the  end.  Tlie  length  of  tlie  largest  segnieuts 
amounts  U*  3.5  mm.;  the  M'idth  from  10  to 
V2  tuiu. 

The  hrtiff  (Fig.  440)  liu-s  an  elongated  oval 
or  clnb  shape,  is  2.")  nun.  U)Ug  and  1  ram.  wide, 
and  is  somewhat  flatt^'ued  dciwni.  It  po,sst*sso8 
oil  each  lateral  border  a  slitdike  depression, 
and  is  mounted  on  a  filiform  neck. 

The  bofftf  is  thin  ami  flat  like  a  riblxin.  ex- 
cept the  central  parts  iff  tlie  segmeuts,  which 
]»roje('t  somewlmt  outward.  At  this  sp4)t  tlie 
uterus  is  found,  in  the  shape  of  a  simple  canal, 
wliicli  forms  n  number  of  coils  (Kig.  441,  m). 
Wheu  the  eggs  collect  here  lu  gi"eat  nnmbers 
the  latA^ral  coils  of  tiie  litems  an-ange  them- 
selves iti  knots,  so  that  a  remarkable  rosette- 
like appearanee  is  produced.  The  sexual  ori- 
flees  lie  in  the  median  line  of  the  ventral  sur- 
face, near  the  anterior  bi)rdi'rof  the  segment, 
the  fermile  orifice  (o)  being  close  beliind  the 
male  (/). 

The  ovary  (y)  is  a  dinible  organ  which  lies 
in    the   middle    laver.      The    volk- 


uected  by  means  of  fine  eanalieuli  [r)  with  the  vas  deferens  {d)^  which 
terminates  in  the  cirrus-sac  {fi,f). 

The  eff(js  (Fig.  442)  are  oval,  and  have  u  length  of  0.07  mm.  and  a 
breatlth  of  0.045  mm.  They  are  surrounded  by  a  thin  brown  shell,  the 
anterior  pole  of  which  is  formed  by  a  sharply  limited  cap-like  cover. 

The  Jti*ithnwrfpfutlH8  iatus  <wc!irs  e)^pe<Mally  in   Switzerland,  north- 
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Fio,  441. — Me<Uan  portion  of  a  projylottis  of  the  Bothnocephaltu  latuSf  show- 
ing donal  surfftce.  Tuc  cortical  layer  of  the  HC^rmont  has  been  remove^i.  «tx- 
c«pt  a  border  on  each  ^dde,  and  the  middle  laver  tbiui  exposed.  (After  Som- 
mer.)  a,  Lateral  veKselft ;  h,  TentitMilar  TPfticW;  c.  TeHtieular  canahcali;  d^ 
VaB  deforena;  e.  Posterior,  /,  ant4>rinr  hollow  maacle  arrangement  (cirrns-flao 
of  vaa  deferens);  g^  Ovar\';  fc,  Yolk-chainbent,  situated  in  cortical  lajr^;  i, 
CoIU*ctinff-tul)c  of  yolk-mass,  branches  of  which  lead  venlrally  to  the  yolk- 
chamberH;  Ij  Shell-gland;  U  Beginning  of  uterus;  m.  Knot  of  utems  filled 
with  eggK,  with  orififf  opening  on  the  anterior  surface ;  ««  Vagina  ;  o,  Vaginal 
orifice.     (Magnified  35  cnamt^ters.) 

eastern  Europe,  Holland,  and  Japan,  and  lives,  like  the  Tmuia,  in  the 
small  int*!8tine  <tf  iiiaii.  Aeconliiig  to  Bollinger,  it  is  also  quito  ct^m- 
mon  in  Mnnieh.  The  first  development  of  the  eggs  takes  pla^e  in  wat<*r. 
Months  afterwaiil  there  develops  an  embryo  (OnroJiphtiffi),  arnie<]  with 
six  hookletK  (Fig,  443)  and  oovered  with  minute  eilite.  This  develo]>»  in 
an  intermediate  host  l&s  yet  unknown)  to  a  "  measle  "  {Plerocn-roid),  which, 
according  to  the  investigations  of  Braun  in  the  RusBian  Baltic  Sea  prov- 
inces, seeks  out  an  second  mediate  host  the  pike  or  tadpoie,  and  either  in 


Pig.  442. 


Fig.  443. 


I 


Fto.  442.— Eggs  of  Bolhrioccpha- 
ltt$  iatust  the  one  Uy  the  right  having 
been  emptied  of  ils  yolk-contents. 
(After  Leuckart.) 


Fro.  443.— Free  embr>o  of  Both 
ruxrphalun  latus^  with  ciliated  envel 
ope.     (After  Leuckart.) 
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the  muscles  or  iu  the  int^'stiiies  of  these  fieh  develops  to  a  sexless  tapeworm. 
According'  to  (rrassi  ami  pHiomi.  the  "  in»»n.'«lo "  of  ihi^  Hnthrioctphnlus  hitus 
occurs  iu  Italy  ttutli  in  Ihf  pike  nu«l  in  the  river-perch ;  in  Japan  it  is 
found  most  ot'ttiu  (Ijima.  Leuckart)  iu  the  Oncorhi/nc/iHs  Pf-rrtfi.  Zschokke 
t'otuid  it  iu  the  following  Hsho.s  of  tho  Luke  of  Geneva :  Lota  viilyuns, 
retva  fluviaiiiijf,  Salmo  umbia,  Esox  lucius,  Trntta  vnUjaris^  and  Trufta  Ut- 
tiistfis.  It  is  most  frequent  in  the  tmlpole  {lA)ta  ntl^aris)  aud  the  perch 
{Verca  JfttriatilU).  If  it  reaehes  the  int^*stinal  canal  of  man  hy  ingestion 
of  the  afore-uu'utioned  lislies  it  again  attains  sexual  maturity.  Accord- 
ing to  Brauu  and  Pnrontij  the  "  nieasle  "  may  also  ho  brtiupht  to  develop- 
ment in  the  dog  and  cat.  The  presence  of  lM>thrioeephali  in  the  intestine 
may  give  rise  to  a  gradually  progressing:  riiKcmm,  which  resembles  jwrui- 
cious  anaemia.  How  the  presence  of  the  Bothrioeephalus  causes  a  diminu- 
tion in  the  red  blood-coi-piLScles  and  the  pereentage  of  hsemoglobiu  in 
the  Idood  is  unknown. 

In  Greenland  there  occiu^  in  doga  and  raan  another  bothriooephalus,  which 
grows  only  1  metre  lonj;,  and  poseesses  a  heart-shaped  head.  It  is  known  as 
the  Bothriocfphahts  cordaiwt, 

HI.  Protozoa. 


§  214.  Of  the  Protozoa  (K'curring  as  parasites  in  man,  but  a  small 
number  were  recogniz*'rl  up  to  a  few  years  ago,  and  even  the  reeo^izcd 
fontts  were  of  but  slierbt  importance,  since  thei-e  could  be  ascril)cd  to 
thtm  uo  partieidar  iuHuuncc  on  the  tissues.  Following  the  investiga- 
tions of  the  last  few  years,  however,  various  species  have  become  known 
which  must  be  regarded  as  the  cause  of  morbid  processes,  aud  it  is  quite 
possible  that  there  exist  still  other  protozoa  besides  those  already  de- 
scribed which  nan  bring  about  pathological  changes  in  the  human  body. 
Reijreseutativcs  of  all  four  cla.sses  of  the  Pnjtozoa  have  already  been 
obsei*\ed. 

Of  the  RhizofKKla  llicre  oecur  in  the  intestine  three  amcebte,  known 
as  the  Amoeba  coli  vulgaris,  AmcEba  coli  mitis  {Roos,  Quincke),  and 
Amoeba  dysenterise  (Kartulis,  Osier,  iVnun'ihnan,  Lalleur,  Kruse,  Pas^ 
quale).  The  Ammha  dysettti'nfe  is  certainly  distinguishable  from  the  other 
two  forms,  while  the  Am<Flnt  coU  vulgtms  and  the  Awaha  coU  »(i7/i( resemble 
each  other  very  closely  an»l  nuiy  possibly  he  identical. 

The  Amaha  roll  vufffan's  is  a  hai'mlcss  int^^stintii  parasite  ocexiriTUg 
(according  to  Roos,  Knisc,  and  Pas(iualc)  not  infrcqueiitJy  iu  the  bowel. 
Boos  ol>servcd  the  Amohn  roU  inifis  in  a  case  of  chronic  entt'ritis,  the 
patient  having  always  liveil  in  North  (iermauy. 

The  Amo'tm  roll  mitis  consists,  according  to  Rttos,  in  a  i)rotoplasmie 
ce]I-lM>dy  25  to  'A'y  fA  in  diameter  in  its  globular  fonn.  exhibiting  slow 
motioti  aud  very  freqxiently  assimilating  foreign  l>odies  (Fig.  444,  a) — 
for  example,  baet^'ria  and  crumbs  of  food. 
Besides  the  nutvable  form  tliere  occur  (ac- 
conliug  to  Roos)  also  encysted  globular 
forms,  suri'ounded  bv  a  membrane  with  a 


Fig.  444,—Amaba  coli  miHs.  (After  Roos.) 
a,  Freely  movable  ama?l>ft' ;  &,  Encysted  amoi- 
ba?.     (Magnified  6ti5  diameters.) 
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doable  outline,  and  inclosing  eleai*  mund  vesicles  in  their  interior  (Pig 
444,  6).  No  pathogenic  propcities  are  disclosed  if  they  are  fed  to  ani- 
mals (catti). 

The  Am<FfMi  difsenferia  (identical  witli  the  Antfrba  coU  descril>eti  by 
Litesch)  measures  in  diameter,  according  to  Roos,  fii>m  15  to  2;*  fi.  \mi 
according  tu  Kruse  and  Pasi[uaJe,  from  10  to  50  ^.  On  tlie  ceU-binly  are 
recognizable  a  horaogeue<jns  ectoplasm  and  a  changeable  granular  ento- 
plasm,  tJie  arrangement  of  which  varies  with  the  fonn  of  the  amoeba 
(Fig.  44.'),  «).  On  staining,  a  nucleus  in  the  interior  becomes  vitnble. 
The  cells  ai-e  capable  of  active  motion,  and  assume  thereby  the  most 
variwl  forms  {d).  Very  fre<iuently  they  contain  foreign  bodies  in  their 
interior,  especially  red  blood-corpuscles  or  fragments  of  them  (6),  or  els«« 
aiv  perforated  l»y  clear  vacuoles  (r).  Boos  says  they  may  also  become 
encysted  (f). 

According  to  the  investigations  of  Koeh,  Kartnlis,  Kriise.  and  Pas- 
quale,  they  are  invariably  present  in  the  dysentery  prevailing  in  EgJi)t, 
nntl  are  usually  also  demonstrable  in  the  faices.  They  have  also  bts^n 
observed  in  cases  of  dysentery  in  Russia  (Loesch,Massiutin),  in  America 
(Osier,  CouucEman,  Latieur.  Lutz,  Dock),  in  Germany  (Koos),  and  in  An^ 
trift  (KovAcs).  According  to  tlic  iiivostigatitms  of  Kartidis,  (*ounirilman, 
Lartcur,  Kiivacs,  Koos,  Kruse,  Pas(|iiaJe.  Hud  otiiers,  then^  is  pmbably  no 
reason  to  doubt  that  they  are  of  some  signifieauce  in  the  origin  of  cer- 
tain forms  of  dysentery.  But  even  tlw'n  it  is  a  qufsti<m  whether  they 
ai'C  able  to  bring  about  nn>rliid  changes  of  themselves  or  only  when  act- 
ing in  conjunction  with  bacteria;  the  fact  that  when  *K'cun*iug  in  the 
tissues  they  are  invariably  accompanied  by  bacteria  may  be  considered 
as  coufirmatifrv  i»f  tlie  latter  theorw 
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FlO.  445. — Amaba  djfsenteria  or  Amceba  colifrlijt.  (After  Boos.)  a,  Amieba* 
without  any  foreign  conttrittt;  b,  Aniwba'  containing  bl<x>d  ;  c,  Amuebie  with 
large  vacuoiea  in  their  protoplasm  ;  rf,  Yoxing  forms ;  e,  Kncysted  forms.  (Mag- 
nified 065  diameters.) 


The  dysentery  due  to  amoebae  is  charaiHerized  by  the  occurrence  of 

a  hieniorrhagic  catairh  and  the  development  of  circuniscribed  ulcers  with 
undeiTuiued  borders.  The  ania*biB  not  oidy  multiply  in  the  intestinal 
mucous  membrane,  but,  according  to  Councihnau,  Lafleur,  lioos,  Knise, 
and  Pas«jualc,  penetrnte  in  even  greater  nnmbt-rs  into  the  mucosa  and 
snhmucosa,  and  develop  here  great  colonies,  in  the  neighborhood  of  which 
the  tissues  become  necrotic,  even  without  any  considerable  quantity  of 
exudation  having  collected.  Following  the  jierforation  of  the  submucous 
cptitrcsof  disease  through  the  nnicosa.  there  ensue  ulcers  with  undermined 
edges,  wliich,  gradually  enlarging,  may  attain  a  very  considerable  siae. 
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If  abscesses  of  the  liver  arise  in  tlie  course  of  amoebic  dysentery  tliey 
t'u[it4un  not  only  bacteria,  but  alw)  amwba?,  and  it  is  to  l>e  consider^ 
tlmt  tbe  latter  as  well  as  the  former  are  euncerned  in  the  disturbauee  of 
tbe  liver-tissues. 

The  Ama-ha  (lyftenteritr  is  ftlso  pathogenic  (h  cats,  causing,  after  being 
fed  to  them  or  iutnHlueed  into  the  rectum,  a  rapidly  jnogTesi>ing  and 
frtiijneutly  fatal  dysentery  wliieli  resembles  exactly  the  ama^bie  dysentery 
occurring  in  man  ;  in  tlicJii,  nl.so,  the  aniiebie  jieuctrate  into  the  mucosa 
and  submuLrosa. 

Of  the  chuss  Infusoria  there  occur  both  the  flagellate  and  tbe  ciliated 
varieties.  Of  tlie  latter  the  l>est  known  is  the  Paramecium  or  Balan- 
tidium  coli  (Fig.  44tJ).  This  is  a  lai-ge  iufus«jrium,  thickly  covered  with 
cilia>,  oi^eurriug  occasiouiilly  in  tiic  large  intestine  and  the  fteces.  Of  the 
flagellate  Infusoria,  the  flrst  tu  be  mentioned  is  the  Cercomonas  Intesti- 
nalis  (Fig.  447),  a  pear-shaped  creature  vtitli  a  spinous  pT-oeess  at  the 
jwiiuted  end  and  a  flagella  at  the  blunt  end.  It  is  found  likewise  in  the 
intcstiiu^  in  I'litarrhal  conditirtus,  as  in  ty[)bus  and  cholera  cases.  Ac- 
cording to  Hii(s4'li!i  and  Perroncito.  it  is  identicid  with  the  Megastoma 
entericum  <jf  Orassi  and  tJie  }fe{f(iitti)tuti  ititfjitinak  of  Blanehai'd,  and 
partially  pas,sos  off  in  tlie  fa^es  in  an  encysted  contlition  (Perroncito), 
especially  if  there  is  no  diarrhiva  present.  It  also  occurs  in  mice,  rats, 
cats,  dogs,  sheep,  and  rabbits  (<  trassi),  and  fastens  itself  to  the  surface  of 
the  intestinal  cpithdia. 

Kaiinenlierg  found  cercomonas  in  the  sputum  in  gangrene  of  the 
lung.  There  occurred  in  conJuiicKoii  with  the  foregoing  the  Monas 
lens,  a  glolmlar  infusorium  with  a  fiagclla.  Sti'eng  communicates  a 
similar  observati»J!i. 

Of  the  Trichomonas,  an  oval  infusorium  with  severid  flugelhu  and  A 
eomlvlike,  undulating  fringe  mounting  its  full  length,  there  occurs  one 
species  in  the  vagina — the  Trichomonas  vaginalis  (Fig.  448) — and  one 
in  the  intestine — the  Trichomonas  intestinalis  (Fig.  449). 

Marchand  ft^und  trichoraonadidw  with  ftmr  tilit'orui  tiagellte  anil  an 
undulatiug  fringe  in  the  urine  of  a  man.  These  are  pn>V)ably  ideutieal 
with  the   Trichomonas  mginalUj  in  which   four  ftliform   flagella*   also 


Fig.  446. 
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Fig.  447. 


Fig.  448. 


Fig. 
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Fig.  44(i. — Balnnlidium  {Paramaxium)  coh.  (After  Claus.)  a.  Mouth;  6, 
Nui'leus:  r.  A  frraimle  of  stwrch  which  has  beeu  ingested;  d,  A  foreigu  body 
in  tlie  process  of  l)oiug  e.tpelled.     (Highly  matruifled.) 

Fig.  447,  -Cerromnnas  intfuhHalut.     (Xftcr  T>avaine.) 

Fig.  44ii.— Trichomonas  vaginalis.     (After  KoUiker.) 

Pm.  44ii.— Trichomonas  intestinaUs.     (After  Zenker.) 
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oceiir.  Miura  iilso  furnishes  a  similar  observation.  Grimm  saw  whip- 
infusoria  iu  a  liver-abscess  ami  an  al)s<*ess  of  the  lung.  Lindner  found 
iofusoria  belonging  to  the  ciliated  class  iu  the  crusts  of  an  ittrhiug  ee^ema 
of  the  scalp. 

§  215.  Uf  the  Sporozoa  or  Qregarina  wliieh  oi^eur  as  parasites  in 
man,  the  Coccidia  must  first  be  inentitmed.  Aeeoniiug  to  Leuekart.  in 
the  youup  stat^  they  exist  as  noii-capsulat^'d  oi-enpant.s  of  epitheli&. 
After  their  growth  lias  ceased  they  Ix'coinf  inclowd  in  a  shell.  In  tliis 
condition  they  abandon  their  I'esting-place,  and  generally  their  host,  aud 
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Flo.  450. — Section  throupfh  the  wall  of  a  dilated  bile-duct,  filled  with  coccidift 
and  the  seat  of  papillary  growthH,  (Hwurrin^r  in  a  rabbit's  liver  studdt^d  with 
coccidia-niKliili'j*.  rr,  Connective  tissue;  6,  Branched  papillary  growths  tilled 
witli  epirlnelium  ;  c,  Coccidia.     (Preparation  hardened  in  Jliillpr's  fluid,  stained 


with  hifmatoxylin  and  eusiu^  and  mounted  in  Canada  balsam. 
diameters.) 


Majnufied  25 


develop  from  thoir  oontents  spores  containing  gi'annlar  masses  and  re- 
niarkalde  nid-Iike  eniliryonal  forms.  The  spores  are  spherical  or  ovoid- 
The  Coccidium  oviforme  (Fig.  451)  is  a  parasite  of  the  intestine  and 
bile-duets.  iK.*eurriiig  espt-cially  iu  rabbits.  Arcoitiing  to  the  observations 
of  Podwyssozki,  hens'  eggs  may  alsiu'ontaiu  eoecidlM,  In  some  eases  they 
have  been  observed  in  nuui.    KiinslJer  and  Pitres  found  coctridia  in  man 

in  the  exudation  in  a  ease  of  pleuritiSf  and 
Podwyssozki  found  them  in  the  liver. 

Iu  the  liver  of  raldiits  the  invasion  of 
ooecidia  leads  to  the  fonnatioti  of  white 
nodulf's,  which  niay  reach  the  size  of  a  hazel- 
nut, and  ai-e  known  ns  rocenlia'tuHlHlfs.  The 
nodiUes  contain  a  white  or  yelh»wish-wliit« 
mass,  and  consist  princii)nlly  of  dilated  bile- 
passages,  the  interior  of  which  is  more  or 


i 
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Fio.  451.— Coccidia  from  the  bile-dncts  of  the  rabbit's  liver  shown  in  Fig. 
450,  in  various  stafires  of  their  development,  a,  b,  Small,  coarsely  irranul&r 
early  forms;  c,  rf,  Larpfer  forms  with  darkly  stained  peripheral  ^rranules ;  «,/, 
ff,  h,  <')val  encapsulated  forms,  the  irrauulni*  protoplasm  of  which— partly  coarae 
and  partly  fine — fills  out  only  a  |>art  of  the  cannule.  (Preparation  hardened 
in  ^liiUer's  fluid,  KtHine<l  with'  hiematoxyliu,  ano  mounted  in  Canada  balsam. 
Magnified  400  diameters.) 
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less  richly  fnniished  with  papillai-)-  growths  (Fig,  450),  and  the  luiueu  of 
which  (.'otitains  ilUIlu•ll^;^.■  uitniben>  of  foc«idia. 

The  Coec'idiji  exist  in  tlie  bile-tiuets  jtartly  in  tin*  form  of  a  shdl-li'ss 
protoplasm i<_^  stnn^tiiro,  partly  in  the  form  nf  encajjsiiluted  botiies.  The 
smalU'st  ciici'hUa  {prfsuiiiably  to  be  regartleil  us  early  forms)  exhibit  a 
eoars^'ly  granular  ]u'ut«>i)]a,siiiii-  f<»nimtit»!i  (Fig.  451,  «,  6),  iu  the  interior 
of  whk'h  now  and  tin'U  a  imi-lear  appenniuee  {a)  is  reeognizabie.  The 
larger  forms  exliiliit  ou  theii*  outer  siirfaee  regularly  armuged  granules 
(r,  */),  which  sEnin  det^ply  with  ha^mntoxylin.  The  eneapfiulatod  forms 
occur  lis  oval,  double-eouloured,  elear-looking  bo<lies  [e,f,  g,  h),  in  tlie 
int4»rior  of  whieh  lies  a  variously  shaped  mass  %vith  a  variable  amount  of 
(i^amdar  matter,  the  lattvr  never  takinjf  up  Tuit  a  portion  of  the  8pace  iu 
the  t:apsiile.  Aceordiug  t<i  K.  iTeifTer,  the  granular  tMtceidia  whieh  are 
not  ent'iipsulated  may  split  ni>  iu  the  aninuil  body  into  a  great  uumliev 
of  sieklr-shitpfil  tjot'ins,  uud  in  lliis  manner  im^ifiLse  in  mimb*^r.  There 
apjvear  at  one  jMjle,  whose  positiou  is  indicated  by  a  round  mass  {the 
uueleus),  radiating  septa,  which  wedge  their  way  through  the  plasma. 
Probably  the  siekle-shuped  germs  become  transfonned  iut^  small  ainod- 
boid  masses  of  protophism. 

Providetl  the  eneystetl  eoccidia  reoeh  the  outer  world,  there  may 
ainse,  uuder  suitable  eonditi^ms,  inside  of  the  protoplasm  (which  has 
drawn  itself  together  hke  a  liall) 
(Fig.  452,  //)  four  spororysts  or  sporo- 
bhints  (Fig.  452,  r,  tf,  f/f).  Inside  of 
these  si>oroeyijits  develop  formal  ions 
whieh  are  primariiy  globular.  later 
oval,  and  wliieli  latrr  on  prcMlnee  two 
sickle-shaped  genns  apiece  (|/»  /*,  /,  A, 

/,  W(,  H,  0,  p). 


cc 
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Pig.  452. — Development  of  sjjores  in 
enovsled  coircidia.  (After  L.  Pfeiffer.) 
a,  Sfature  encapKulated  pamKite  with 
evenly  diatributed  protoplaBra ;  t*.  Proto- 
plasm collected  toffether  into  a  ball ;  c.  f/, 
e,  /,  Development  of  four  sporoeysts,  a 
protoplasmic  residue  rutuaimn^;  v,  /i, 
Developing,  i.  A*,  /,  w,  «,  fully  developed 
gickle-germs  inside  the  Hporocysts*  o, 
8ickle-germ  leaving  8por«)PV8t;  p,  Free 
sickle-germ.     (T^laf^nified  75(1  diameters.) 


V    k 
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To  the  Coccidiu  probably  belong  also  certain  parasites  which  occur  iu 
the  epidennis  in  inan,  and  here  produce  peculiar  growths  known  as 
epithelioma  contagiosuin  (Fig.  45y).  Iu  its  fully  developed  condition 
the  growth  consists  of  a  utHlule  the  size  of  a  small  pea  or  larger,  which 
projects  above  the  surface  of  the  skin,  sIiowb  a  small  depression  in  the 
centre,  and  possesses  a  waxy  lustre. 

In  the  section  there  may  be  recognized  an  invgular  epithelud  growth 
(Pig.  453^  i1)  with  a  central  orifice  opening  outward  ((/) — that  is  to  say,  a 
foiTuation  which  recalls  a  gland,  and,  imleed.  is  frequently  considered  as  a 
hypertrophii'  sebacet>us  gland,  but  whicb  is.  however,  only  an  indepen- 
deut  new  growth  of  epithelium  lirought  about  )>y  the  parasites. 

The  parasites  develop  inside  tJic  epithelial  coUa  of  the  irregular  growth 
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(Fig.  453,  e),  but  are  pnshed  toward  the  central  orifloe  of  the  new  ^•oMrtli 
by  the  epithelial  cells  behind  (/),  and  here  they  lie  in  a  meshwork  of  v**U 
off  and  homy  epithelial  cells. 


Fl(4.  4o3. — Epitheluima  contagioftitm.  Spction  through  greatest  diameter,  a, 
Epidermis ;  h,  Oonnet'tive  tinstie ;  r,  SHbac:eou»  g^land ;  d,  (rland-lilcp  vpitheliAl 
growth*? ;  c,  Paiiisiteg-,  /,  Homy  cells  minified  with  parasites ;  o.  Duct  fillw! 
with  homy  *>pithelium  and  parasites.  (Preparation  IiMnlened  in  Miiller's  fluid, 
stained  witli  hn'inatoxylin  and  eo&in,  and  mounted  in  Canada  balsam.  Mag'- 
nified  15  diamot^rs.) 

Repi-esenting  the  eai'Uest  stajH^e  of  development  of  the  parasites,  there 
ari.se  in  the  fpilholial  wlU  small  prdtoplasnue  b^nlies  (Fig.  4r)4,  a,  ft),  ihf 
boixlera  of  which  are  only  with  difficulty  to  be  distinguished  from  lli« 
eell-])njtoplasm ;  occasionally,  however,  they  contain  in  their  int<?rior 
hiumII  distinct  ^-anules,  and  Ih'ciuih'  throiiifh  them  mort^  distinct.  Later 
DU  tiicir  size  incrcJiHes,  until  liuHlly  llicy  fiunnlctcly  Hll  up  the  epitliehal 
cells  {r,  (f,  f),  so  that  the  nucleus  i.s  pushed  aside.  At  the  same  time  ihe 
granules  <m  the  inside  incivane  in  numlMT  (r)  and  gi*ow  into  larger  IvmIii's. 
So  that  ihc  parasite  lUmlly  l>econies  divided  into  a  great+T  or  less  uumlM-r 
of  linely  gnumlar  structures  {tt,  *»,  /)  lying  in  a  finely  granular  network 
During  this  time  the  cell-nucleus  is  destroyed. 


•  •  • 


Fia.  454.— Parasites  of  £>(*/- 
lioma  amtagiofum  in  various  HtAffcA 
«if  development,  lying  inside  *»m- 
rhelial  celh^.  a,  h.  EpitheUal  ceilti 
ioflosing-  a  protoplaftniic  IxMh  iu- 
aide  of  which  lie  sinple  large  pno- 
ules;  c,  An  epithehal  pell  altooel 
completely  tilled  with  parasites;  d, 
f, /,  Parasites  whicli  completely  Hll 
the  cell  they  nceupv,  antl  wlxich 
have  hecome  tliWdeu  into  numerous 
separate  bodies  Ivinj;  in  »  granular 
network ;  the  cell-nucleus  has  lieen 
dcstruvod  in/.  (Mounted  as  is 
Fig.  4o3.  Magnified  about  600  dia- 
meters.) 


The  epithelial  eells  which  inclose  parasites  early  develop  a  distinct 

membninc.  which  grows  more  and  more  distinct  and  snrrotmds  the  para. 
sites.    Those  parasites  which  liavc  Im'CU  exj»elled  front  tlie  eells  form  oval 
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bodies  which  appear  to  he  inelosed  in  a  capsule  and  present  a  homogene- 
ons  ftppcarniuH-.     They  stain  diM-ply  with  lupinntoxylin. 

The  foutiigious  epithelioiimta  may  appear  in  jn*pat  numbers  in  one 
and  the  same  iudividuid,  aud  several  persons  U>nng  together  may  he 
either  simnlt«iieoii»ly  or  surci'ssively  attacked.  Tlie  spreotl  of  the  disea^ 
may,  then,  be  referred  to  «out«gion. 

Our  knowledge  of  tlie  sigruifieanee  of  the  so-called  "  sacs  of  Miescher  " 
is  still  srauty.  Thi-y  arc  Kaf-shfi|M'd  stnietureH  (Fig.  4r>5»  A»  B)  oecurriug 
not  iufi*equetjlly  iu  the  must-lt^s  of  swine,  caltle,  sheep  {e*i|>eeially  iu  the 
fesophagiis),  atwl  in  mice.  Thry  Vu\  inside  the  muscle-cells  (Fig.  455,  B), 
and  when  sliglitly  magnified  Imtk  not  unlike  ti'ichime.  In  the  fully 
developed  pantsik*  the  coidents  of  the  sac  are  differentiated  into  single 
segments  defined  by  a  membrane  (Fig.  455),  and  these  in  turn  inclose 
globular  (A,  C)  or  kidney-  and  sickle-shaped  lx>dies  (I>,  E).  Tlie  parasite 
is  classed  among  the  Sttrrosporidia.  The  sepanite  segments  are  known 
a*  gpf>ri}ci(sh  or  sporohhists,  siiiee  in  their  interior  the  kidney-  or  sickle- 
shaped  sports  arise  {h'ahiei/s  hodien],  and  ii\>m  these  latter,  under  suitable 
couilitions,  new  Mi*'H<'her'rt  saes  may  devehip  (Pfeiffer).  Ingestion  of 
meat  uuutaijiiug  sareosporidia  is  not  dangerous  for  human  beinga. 
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Fi«.  455.— 5Uf seller's  sacs  in  various  plinses  of  derclopment,  taken  from 
Bwino  ftud  sheep.     (After  L.  Pfeiffer.) 

.4,  Sarcospore  witli  four  sporfwryst  globuleB,  taken  from  the  cardiac  muscle 
of  a  Hheep.     (Sbiffuilied  120  diamt- l«rs.) 

B,  Sarco«iK>ritliR-isac  in  a  striped  muscle  of  the  swine.  (Magnified  120  di- 
ameters.) 

C„  Terminus  of  a  sac  with  sporocysts,  the  latter  containing  round  spore- 
cells.     {Magnified  500  diameters.) 

/>,  Terminus  of  a  rsc  containing  both  undeveloped  and  mature  sjiorocysts. 
At  the  left  end,  a  pseadopod  shapeil  like  a  cloak  and  covered  with  hairs,  (iftag- 
nifted  500  diameters.) 

E,  Transverse  section  throufsh  a  sac  with  sporocysts,  containing  neklc- 
ebaped  spore-ccUs.     (Magnified  500  diameters.) 


570 


ANIMAL  PARASITES. — PROTOZOA. 


Th«  U8t  few  years  have  prodnced  a  very  nntisiial  nninber  of  reports  of  par' 
asiies  said  to  belong  to  the  Sporozoa  or  Gregariiue,  and  nunierouF  auliiors  have  con- 
sidered that  they  were  justitieJ  in  asfribinff  various  morbid  processos.  cluefly 
patholofirical  epithelial  fomiatious  and  of  these  mure  especially  iraiicer,  to  tlio 
presence  of  grpgfl,rinir.  It  may,  however,  be  remarked  tliat  only  a  v^rj-  small 
part  of  what  have  been  described  as  parasites  are  really  to  V>e  h>oked  upon  as 
Kuoli ;  so  that,  wj  far  as  man  is  couceraeil.  the  oeeurrenc-t'  of  parasitic  ^re^^ariim 
is  restricted  to  a  few  distinct  diseases. 

So  far  as  carcinoma  is  coucerued,  notwithstandiuj;  the  great  niimber  of  worlu 
on  the  subject  (so  numerous  that  they  can  scarcely  all  \w  perused — e.g.,  Strt»ebe's 
collection),  the  proof  is  by  uo  means  fortiicomin^  that  protozoa,  eHj>ecially  gre- 
garina^,  are  present  inside  the  epithelial  g^-owths,  or  are  to  Iw  considered  as  the 
canse  of  the  latter.  All  the  appearances  dHwribed,  even  the  sickle -sliaped  form 
and  those  proWded  with  a  sort  «)f  capsule,  which  have  been  seen  in  caucer-eeUs 
and  considered  convincing,  permit  of  another  explanation,  and,  in  my  opiuion, 
are  to  be  interpreted  partly  as  changed  nuclei,  partlv  as  altered  pix>toplasm  of 
the  cancer-cells  or  as  dissohition  of  the  cells,  aud^  tiualty,  some  may  t>e  explained 
as  a  product  of  cell-fusion,  or  4if  the  assimilation  of  tme  (^ell  by  another. 

The  disease  described  bj-  Uarier  aH  jtsowtiprntK/tfe  foUiculaire  r^geianttj  and 
referred  by  him  to  the  presence  of  sporozoa,  is  very  probablv  only  a  skin  affec- 
tion characterized  by  a  j>athological  keratosis  (keratosis  follicularis  of  White), 
in  which  little  homy  plugs  and  i>e};s  are  developed  one  by  one  in  the  epithelium 
of  the  skin  of  some  part  of  tbe  body,  the  cutis  oxhibilnig  mild  intlaminatory 
symptoms.  Aeconiing  to  Buzzi^  Miethkc,  Hieck,  Kriising.  I*L'ters*'n,  and  others, 
the  cxnrps  nmtls,  destiribed  by  Darier  as  prtmsiti^,  contain  keratoliyaliue  and  elei- 
din — that  is  to  say,  substances  which  ocn-nr  in  horny  cells,  but  not  in  gTegarina?. 

PoffeCg  (tinenjie  is  a  process  which  spi*eads  from  the  nipple,  commencing  with 
an  inflammation  resembling  eezenm  and  leading  to  suocrticial  ulceration,  said 
to  finally  end  in  a  cancerous  inflltratiou  of  the  skin.  It  has  been  referrt**!  by 
Darier,  Wickham,  Malassez,  and  others  to  a  jiarasite— a  Kporozo4m  which  mul- 
tiplii^s  in  tlie  t'pithflial  cells.  It  is.  howi'ver,  an  eczema  arising  from  other 
causfs,  and  finally  leading  Jo  caucer.  or  else  a  primary  cancer  accompanied  by 
inHHmmator\'  changes,  in  wliich  characteristic  altera rion^  occur  in  the  epidermis— 
namely,  swelling  up  of  the  protoplasm  and  nuclei,  and  development  of  vacuoles ; 
there  also  develop  some  new  growths,  the  cbaract eristic  views  of  which  simu- 
late parasites. 

1  consider  the  bodies  fouud  in  molluKcum  as  juirasites  (a»  already  appears 
from  the  main  text),  though  this  opinion  is  opposed  by  various  authors  (Kro- 
mayer,  Hansemann,  ToroTc.  and  others).  The  growtlis  have  totally  difTereut 
characteristics  from  those  described  in  cancer. 

Rosenberg  roiwrts  the  discovery  of  sarcosporidia  in  the  muscle  of  the  human 
heart.  Kartulis  made  a  .similar  discovery  in  an  absoeas  of  the  liver  and  in  the 
abdominal  muscles  of  a  Kudancse. 

Pisenti,  Sileock,  Eve,  Bland  Sutton,  and  Jackj^ou  I'larke  have  pointed  out 
the  possibility  that  the  cysts  occurring  in  the  urinary  passages  leading  from 
the  ureters,  in  ureteritis  ofstica,  may  be  of  parasitic  origin.  Lubarseh  and  Asch- 
hoff  have  expressed  themselves  as  opposed  to  this  theory.  From  the  later  in- 
vestigations of  von  Kfthlden,  it  has  nevertheless  been  made  very  probable  that 
the  ureteritis  cystica  Is  reallv  caused  by  sporozoa. 

According  to  Hess  and  duiUeheau,  coccidia  may  occasion  djarrhoeal  diaemaea 
of  the  intestine  in  young  cattle. 

Ctuameri  *  declares  that  protozoa  belonging  to  the  Coccidia  are  the  cauM 
of  smallpox. 

§  21G.  Through  the  investigfttioiis  of  Laveran,  Marchiafava,  CelU, 
Golgi,  and  others,  it  may  be  coiiHidered  proved  that  the  entinf  of  malaria 
is  11  parasite  belonging  to  the  I*i'oti8tn\  wnieh  has  been  naiued  by  Marehi* 
afava  au<l  Celli  the  Plasmodium  malaris,  and  wliich  at  the  present  time  is 

•  "  Rio.  sulla  patogcu.  ed  etiol. 
per  Ic  Sc.  MefLt  xvi.,  1892. 
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eoinuiouly  known  by  this  uame.  The  parasite  exists  in  the  blood  of  ma- 
lana  piitients  in  varii>iLs  forms,  cliiefly  iu'.Oosod  in  *:i^\h ;  ami.  acuoixling 
to  thr  iibsttrvfttions  of  OoIl^i,  Colli,  Marchiafava.  ami  otlicrs,  a  certain 
conneetiou  may  be  tnieed  between  the  number  and  t>lnjret)t'deveh>pUK'nt 
of  the  Plasmodia  an<i  the  att4M.*ks  of  fever.  The  parasites  run  tlu*<juirh 
many  stajjesof  develi>pment  in  the  interval  between  the  separate  atta^'ks 
ot  ffver,  the  btiiges  (aeeordin^  to  the  authors  nieutii»nwl)  l^ein^  different 
in  the  febris  quartana,  the  febris  tertiami,  and  the  febi-is  quotidiana;  at 
the  same  tin^e  the  pai'asittiH  of  tlie  various  forms  of  fever  exhibit  eertjiin 
differeuees  in  Uieir  physitjlojrieal  eh tiracteri sties. 

The  devf'liipment  and  increase  cif  tho  plnsnuxlia  take  jthn'e  in  the 
interior  of  the  red  )>loo*l-eoi'pu8cles,  where,  Jirst  i>f  all,  small,  colorless 
atnceboid  bodies  appear  (Fijr.  400,  n).  In  iind/ebris  tptartana  the  furtlier 
development  is  inaugurated  by  an  enlargement  of  the  small  ama'boid 
beginning  forms  (Fig.  4r)i),  «,  b,  r,  rf,  c),  wo  that  the  red  l>hMid-eorpusele8 


f  f  1 


Fig.  45G. — Plasmodium  malari^c  of  a  febris  quartaua  in  various  stages  of 
devtilopmeut.  (After  Golg-i.)  a.  Red  blood- corpuscle  with  a  smnll,  non-pig- 
iiiL-utea  plasiaoaium ;  h,  c,  d,  e,  Pigmented,  vurioutfly  sized  pUi^uiodiu  iusidt-  of 
red  blood-carpuselefl ; /,  Fbi.snio<iiiiin  at  the  cnmnieiicement  of  setrioi'iit'Atinn, 
with  pigrnt^nt  collefltMl  uj  centrt*;  /?,  Segmented  plasmoditim ;  h.  PliiHniwlium 
divided  iuto  t>e[>aratti  globules;  i,  k,  Two  diiTereutly  slinped,  Erei*  pbistnodia. 


bceomc  more  and  more  filled  with  tbem.  Simultaneously  thei-e  ntake 
thf  ir  appearanee  in  the  interior  of  the  pliisnioilia  pigment  granides,  whieh 
are  derived  from  the  fnhiring-matter  of  tiie  blood.  When  the  plasmodia 
attain  a  eert^tin  size  tbe  jjigmeut  granules  eoUei't  in  the  centre,  while  at 
the  same  time  a  radiating  eleavage  sets  in,  so  that  daisy-like  figiin-s  are 
prodne*.H]  ( /,  r/).  These  consist  of  a  pigmented  centre  and  radiating 
pet4ils  devoid  of  j>igment.  Later  on,  the  petals  become  det^iched  from 
the  central  pigmented  portion  and  assume  a  cireular  shape  (A). 

Ai'eordiug  to  Oolgi,  this  development  and  segmentation  of  tlie  Plas- 
modia in  febris  quartaua  is  eomplete  in  three  days,  and  the  attaeks  of  fever 
set  in  at  the  time  when  the  jdnsmodia  are  dividing.  The  it'd  bloo<l-eor- 
pnseles  whieh  are  oeeupied  by  the  ]>Iasmodia  perish  ;  the  young  plasmodia 
just  formed  by  eleuvage  again  jteHetrate  the  bhtod-forpnseles.  whereu])ou 
their  farther  develojmient  begins  anew.  The  [ligment  graindes  formed 
by  the  phismodia,  some  free,  others  ineK>sed  in  eells,  are  earned  out  of 
the  eireulating  bhHMl  into  various  <»rgans,  e.^sjieeially  the  spleen,  liver,  and 
marrow  of  the  bones. 

Jnfrbris  fertiona  the  cyele  of  development  is  complete  iu  two  days 
(Golgi).  The  plasmodia  developing  within  the  red  blood-eorpnseles  (Fig. 
457,  ii,  b,  Cf  d)  show  mueh  livelier  motion  and  at  the  same  time  lead  very 
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much  more  rapiOly  to  a  decoloration  of  the  red  blood-tiorpnsules  thao  in 
tlje  fehris  qiiartana,  so  that  tlin  latttr  ai'e  alnrady  dfoolorized  on  the  fii^i 
day  of  int^rmissii)U  of  the  fever,  while  the  plasiuoJia  art;  still  &maU.     Th<* 


ae 


o  ^qO 


Fro.  -^T.—PUiMttiodium  mtUariir 
of  a  febris  tertiana  in  various  de- 
velopmental stages.  (After  tjolgi.) 
Oj  First  step  in  developnieiit ;  b,  r, 
Knlarirwi  plasmfKlia  willi  {»6*ai<lo' 
poda ;  d,  Plasmodia  befurt^  the  for- 
mation of  ^ores — blood-eorpusclv 
decolorized;  e,  FonoAtion  of 
spores;  /,  Free  parasite  with  fla- 
getJa. 


pn>toplasin  of  the  plawnmlia  iif  tlif  feltris  t-ertiaiia  is,  furthermore,  more 
(IfUt'nte  aud  less  sharply  defiuetl,  and  their  pi^neiit  granules  are  also 
Hmaller.  In  its  division  eai'li  ])lasniodiuiii  splits  up  into  from  fift**eii  to 
twenty  new  cells  {e),  while  iu  the  tjiiartan  frver  only  from  six  to  tweh*e 
deveh>p.  Fiuidly.  the  red  l>lood-<.'orpuHeles  in  the  febris  quartauu  are 
mostly  crenated,  while  iu  the  teilian  form  they  retain  their  sba})e. 
AwordiJig  to  t'elli  and  Mar»'liiafava,  the  formation  of  ajiores  not  in- 
frequently occurs  pi-einaturely.  from  five  to  ten  spores  developing  inside 
of  a  red  Mood-('orj»usele. 

Iu  ftbris  quofitliann  (late-summer  and  fall  fever,  febns  sub<*ontiniui, 
pernieiosa)  the  parasite  (Fig.  4yW)  consists,  acconliug  to  t'elli  aiid  San- 
ff'liee,  of  small  stnictures  exhibiting^  lively  amujboid  movements  in^iile 
the  red  blmid-corpnseles  (ff.  h) ;  shortly  before  eneh  new  febrile  attack 
they  become  pigmented  aud  round  (c),  and  then  di\nde  into  spores  id). 

According  U\  C'elli  and  Marehiofava,  nuclear  bodies  may  l>e  demon- 
strated iu  the  protoplasm  iu  all  en<loglobular  ha^matozoa  of  malaria,  in 
certain  stages  of  their  deveh)pniHut. 

Besides  the  forms  already  ilewn-ibed,  whieh  an*  considered  by  Italian 
authors  a.s  typical,  there  oreur  in  the  ^liflfen'ut  malanal  diseaw's  in  addi- 
tion both  endoglobidar  aud  free  parasites,  either  oval  or  aiekle-shaped 

Fig.  458, — Plasmodium  waJnria 
of  a  febris  quotidiana  in  various 
staeeti  of  development.  (After 
Celli  and  Sanfelice.)  a.  First 
step  in  the  development ;  b,  Plas- 
raodift  with  pseudonods ;  c,  Pi«s- 
uHfdiuiu  which  haa  become  round 
and  provided  with  pi^rnii-nt  be- 
fore segmentation:  d,  Forma- 
tion of  spores;  f,  Intraglobular 
crescent  form;  /,  g^  Free  plaa- 
m<Klia. 

(Fig.  456,  /,  A',  and  Fig.  458,  c,/),  sometimes  pro\nded  with  flagelbr  (Pig, 
457,/,  and  Fig.  458,  //),  at  other  times  having  cast  these  off ;  and  all  these 
forms,  especially  described  by  Laverau,  have  been  since  confirmed  by  the 
Itjilian  authoi*s. 

The  signifirauce  of  all  the  various  forms  of  parasites  whidi  have  been 


ANIMAL  PARASITES. — PROTOZOA. 


573 


observed  in  malaria  has  not  yet  been  fnlly  solved:  neveitheless,  from  the 
preceding  stutenieuts  it  iimy  be  <-i)nsidered  settled  that  the  endoglobwlar 
JiiT'niatozoa  doiitroy  tho  red  bl4)od-c'oriinsrles  and  thus  inannfiM'tut-e  pig- 
ment out  of  the  colon ug-mattvr  of  the  blood  ;  and  it  may  also  l>e  assumed 
that  tlieir  presence  gives  rise  to  the  morbid  syujptonis  of  malaria. 

Laverau  is  of  the  opinion  tliat  all  tlic  forms  deseribed  belong  to  one 
and  the  name  divei'sely  shaped  sporozwn,  while  the  Italian  authors 
(<jolgi,  t'analis,  CclU,  Mureldtifava)  bi'licvc  that  there  are  various  nudaria 
parasites.  Tfiey  eousidci'  that  the  free  crescent  forms  and  the  flagella 
]ilasnHxlia  shouJd  l>e  regitrdtMi  as  steriltJ  forms  of  vegetation  which  are 
not  able  to  reprotluce  themselves  by  spore-formation,  but  sooner  or  later 
jR'rish. 

The  plasnuidia  may  l>e  taken  up  by  leucoL'3'tes  in  the  various  stages 
of  their  deveh>pment.,  and  this  oecurs  pnneipiilly  at  the  beginning  of  the 
febrile  attaek  ((TolgiJ,  at  wliieh  time  the  phismotlia  undergo  segmenta- 
tion. The  leueocyt-es  may  eotitniu  pla^iufKiia.  aeeordingly,  either  entire 
or  segmented,  or.  indeed,  only  the  pigment  nmsses. 

The  i>artieular  varieties  of  phu^modia  <HtiTesiw>ud,  aecordiug  to  the 
repor-ts,  to  partieular  forms  of  fever,  but  yet  it  uuiJst  be  noticed  that  the 
febrile  fonns  desigrmted  as  febris  quotidiaua,  subwmliuuu,  and  comitata 
miiv  als<i  be  caused  by  the  existence  in  the  blood  of  plasmodia  of  the 
tertinn  or  tjuartjxu  form  in  vaHouK  getu'ratitnis,  so  that  part  of  the  para- 
sites reach  s|wjre-fonuation  eiwh  day.  In  this  way  arise  qutttidinn  forms 
of  fever  which  tirv  to  be  cnusiden^l  iis  ilouble  tertian  (finotidiaim  tri- 
quartanaria ). 

According  to  Golgi,  there  is  also  a  nialanal  fever  (summer  and  fall 
fever)  the  parasites  of  whieh  develop  not  iu  the  blood,  but  in  the  internal 
organs,  cs|H^cially  in  the  iuarn>w  of  the  bones. 

Withiu  the  organs  of  patients  who  have  died  of  nmlaria  there  are 
found,  first  of  alb  the  malaria  parasites  ctmtaining  pigment,  and  lying 
more  or  less  intravasculariy.  If  the  blood  has  undeigone  great  destriie- 
tion  there  will  also  l>e  found  pathological  deposiJs  of  iron  iu  the  spleen, 
liver,  medulla  of  the  bones,  and  the  kidneys.  In  cimsequence  of  the 
ttc]H)sition  iu  the  spleen  (tf  produels  of  blood-tlegeneration,  and  also  of 
malaria  parasites  coutaiuiuij  piguieut  (part  of  wliich  are  inclosed  in 
leueoi-yt^'sl,  then:;  CK^cur  iu  this  organ  rotisuleral)le  swellings,  ace<»n)panie<l 
by  hypenemia.  wliicli  lead  in  part  to  tissue-degeuei-atiou.  in  part  to  tissue- 
h\'perlro]>by.  -Vi'tcr  the  process  has  continued  some  time  the  spleen  may 
become  greatly  enhirged,  pigmented,  and  nnich  <'hanged  in  stru(-*ttu*e. 
There  may  also  ensue  iu  the  liver,  on  the  *iue  hand,  degeneration  and 
pigmentation  of  its  parenchyma,  and,  on  the  other  baud,  new  growths 
which  lead  to  induration. 

AceorfUng  to  the  investigfttionB  of  Panilflwdky,  CeUi,  Marchiafava,  Grassl, 
FeltJtti,  Omtkshauk,  Laveran,  and  othirp,  there  not  infrequently  oceur  i)rotistaj 
in  the  blood  of  mammalians  and  birds,  as  welt  as  in  that  nf  oo1<UbI<>oded  animals, 
and  among  them  some  which  resemble  the  Plasmodium  malariec  very  closely  antl 
undergo  a  similar  cycle  of  development  inside  the  red  blood -corpuscles.  The 
closest  reBemblanee  of  characteristics  is  seen  in  the  h^matozoa  of  birds  (pijyoons, 
owUi,  magpies,  and  larks) ;  but  even  these  sliow  sonio  variation,  so  that  they  are 
not  the  same  form  of  parasite  as  is  observed  iu  man. 

According  to  Celli,  onlv  the  spores  can  live  in  the  blood-plaKma  in  man, 
while  the  other  grades  of  development,  in  case  they  leave  the  bloctd- corpuscles 
for  the  plasma,  are  destroyed,  forming  flagella;,  swelling  up,  and  becoming  vac- 
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nolated.  On  the  other  haad,  the  hematoxoft  of  birda  eaa  eiist  in  the  plftsma 
for  a  certain  length  of  time,  and  the  hematosoa  of  the  ct^-bloodod  *«iin>i«^ 
whose  development  progresses  very  slowly,  live  a  good  while  firee  in  the  blood ; 
and  these  forms  which  exist  free  in  the  blood  are  ue  ones  which  have  been  de- 
scribed as  special  parasites  (drepanidiom). 

The  systematic  classiflcation  of  tlie  Plasmodia  of  malaria,  and  the  protosoa 
which  are  nearly  related  to  them,  is  not  yet  armnged.  Most  probably  they  are 
to  be  olassifled  with  the  Sporozoa ;  and  smoe  the  rorms  whioh  oeeur  in  the  mnii- 
eles  have  received  the  name  of  saroo^Kiridia.  the  parasitea  of  blood-oorpnaolea, 
belonging  to  the  class  last  considered,  might  be  called  hnmosporidia  (Dani- 
lewsky). 
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Abrachius,  412. 
Abrin,  poiBoning  by,  24. 
Abscess,  burrowing,  300. 

chronic,  300. 

congestive,  300. 

formation  of,  277. 

healing  of,  293. 
Acardiacus,  425. 
Acarus  foUiculorum  hominis,  536. 

scabiei,  535. 
Acerviiloma,  345. 
Achirus,  412. 
Achorion  SchOnleini,  529. 
Acids,  corrosive,  action  of,  19. 
Aconitin,  poisoning  by,  26. 
Acrania,  402. 
Actinomycosis,  510. 
Addison's  disease,  60. 
Adenia,  simple  and  leuceemic,  335. 
Adenocarcinoma,  357. 

medullary,  363. 
Adenocystoma,  357,  376,  384. 
Adenoma,  351,  352. 

alveolar,  352. 


Aneemia,  acute,  effect  of,  upon  the  circu- 
lation, 106. 

chronic,    effect    of,    upon   the   circu- 
lation, 106. 

general,  143. 

local,  112. 
Anasarca,  129. 

Anchylostoma  duodenale,  542. 
Androgynes,  421. 
Anencephalia,  403. 
Aneurism,  cirsoid,  324. 
Angioma,  320. 
«       arterial,  324. 

cavernous,  322. 

hypertrophic,  321 

lymphatic,  324. 

varicose,  322. 
Angiomyoma,  327. 
Angiosarcoma,  342. 
Anguillula  int«stinali8,  545. 

stercoralis,  544. 
Anhydnemia,  effect  of,  upon  the  circula* 

tion,  106. 
Aniline,  poisoning  by,  24. 


malignum,  destruens,  or  carcinomato-   Animals,  poisons  derived  from,  20. 


sum,  357. 

papilliferum,  352. 

tubular,  352. 

umbilicale,  409. 
Adhesions  of  serous  membranes,  formation 

of,  289. 
Agenesia,  142,  159. 
Agnathia,  406. 

Air  in  the  blood  or  tissues,  effects  of,  47. 
Akromegaly,  218. 
Albumin,  products  of  the  putrefaction  of, 

437. 
Albuminoids,  protective,  73. 
Alcohol,  poisoning  by,  25. 
Alexins,  73. 
Algor  mortis,  144. 
Alkaloids,  cadaveric,  33. 
Allantoic  cloaca,  412. 
Amelus,  412. 
Amnion,  pathological  conditions  of,  caus- 


ing malformation  of  the  embryo, 
Amceba  coli  mitis,  563. 
vulgaris,  563. 
dysenteriee,  564. 
Amputation  neuromata,  255,  332. 
Amyloid  degeneration,  180. 
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Anthrax,  bacillus  of,  462. 

symptomatic,  bacillus  of,  506. 
Antitoxins,  74,  76. 
Anus,  atresia  of,  412. 
Aphthro,  525,  527. 
Aplasia,  142. 
Aprosopia,  405. 
Apus,  412. 

Arachnida,  parasitic,  534. 
Area  medullo-vasculosa,  398. 
Argyria,  213. 
Arrhinencephalia,  404. 
Arteries,  chalky  concretions  in  the, 
Arterioliths,  124. 
Arthrospores,  433. 
Ascaris  lumbricoides,  540. 

mystax,  541. 
Ascites,  130. 

chylous,  140. 
Ascoooeci,  431,  447. 
Aspergilli,  528. 
Asphyxia,  deflnitlon  of,  9. 

local,  147. 
Atavism,  96. 
I  Atheromata  of  the  skin,  407. 
I         development  of  cysts  from,  375. 
576 
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Atresia  oris,  407. 
Atrophy,  142,  159. 

active,  164. 

degenerative,  163. 

excentrie,  160. 

fatty,  168, 

from  disuse,  165. 

from  impaired  nutrition,  164. 

from  pressure,  165. 

neuropathio,  165. 

pigment,  169. 

senile,  164. 

serous,  of  fat-tissue,  169. 

simple,  163. 
Atropin,  poisoning  by,  26. 
Attraotion-spheres,  229. 
AutoblaBts,  163. 
Auto-intoxications,  49. 
Awl  worm,  541. 

Bacilli,  431,  459. 

pathogenic,  462. 
Bacillus  aceticus,  462. 

acidi  lactici,  461. 

anthracis,  462. 

blackleg,  506. 

butyricus,  461. 

caucasicus,  461. 

chicken-cholera,  509. 

ooli  communis,  470. 

comma,  517. 

cyanogenes,  461. 

diphtheriEe,  472. 

diphtherife  columbarum,  510. 

fluorescens  liquefaciens,  461. 

influenza,  472. 

leprae,  498. 

mallei,  503. 

murisepticus,  510. 

oedematis  maligni,  475. 

pneumoniee,  470. 

pneumonicuB  agilis,  472. 

prodigiosua,  461. 

pyocyaneuB,  462. 

rhinoscleroma,  505. 

Haprogenes,  462. 

subtilis,  460. 

swine-erysipelfls,  508. 

syinptomatic  anthrax,  506. 

syphilis,  492. 

tetani,  474. 

tuberculoais,  476. 

typhi  abdominalis,  467. 

ureie,  462. 

xerosis,  506. 
Bacteria,  431. 

aetinomyees,  510. 

aseoeoeci,  447. 

attenuation  of  pathogenic  properties 
of,  442. 

bacilli,  459. 

bacillus  aceticus,  462. 
acidi  lactici,  461. 
anthracis,  462. 
blackleg,  506. 
butyricus,  461. 


Bacteria,  bacillus  aceticus,  cauca8ica6,461. 

chicken-cholera,  509. 

coli  communis,  470. 

comma,  517. 

cyanogenes,  461. 

diphtherife,  472. 

diphtherife  columbarum,  510. 

fluorescens  liquefaciens,  461. 

influenza,  472. 

leprae,  498. 

mallei,  503, 

munisepticuB,  510. 

oedematis  maligni,  475. 

pneumoniffi,  470. 

pneumonicus  agilis,  472. 

prodigiosus,  461. 

pyocyaneuB,  462. 

rhinoscleroma,  505. 

saprogenes,  462. 

subtilis,  460. 

swine-erysipelas,  508. 

symptomatic  anthrax,  506. 

syphilis,  492. 

tetani,  474. 

tuberculosis,  476. 

typhi  abdominalis,  467. 

urefp,  462. 

xerosis,  506. 
bacterium  coli  commune,  470. 

termo,  462. 
biology,  431. 

chemical  changes  caused  by,  437. 
chemotactic  properties  of  certain,  436. 
oladothrix  asteroides,  515. 
cocci,  446. 

comma-bacilluB,  517. 
crowding  out  of  one  variety  by  an- 
other, 436. 
cultivation  of,  443. 
different  forms  of,  446. 
diplococci,  446. 
diplococcus  pueumonife,  455. 
effect  of  antiseptic  substances  upou, 
437. 

of  cold  upon,  434. 

of  heat  upon,  434. 

of  light  upon,  434. 
examination  of,  443. 
gouoeoccus,  454. 
inconstant  pathogenic  properties  of, 

441. 
leptothrix  bucealis,  462. 
merismopedia,  447. 
micrococci,  447. 
micrococcus  gonorrhoeae,  454. 

pyogenes  tenuis,  450. 

tetrogenus,  448. 
mode  of  entrance  of,  into  the  8ystem,33. 
monomorphic,  431. 
nitrifying,  438. 
nutrition  of,  433. 
oligomorphic,  431. 
pathogenic,  31,  440. 

inoculation  of  attenuated,  83. 

natural  protection  of  the  organism 
against,  69. 
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Bacteria,  pleomorphic,  432. 
proteus  vulgaris,  462. 
ray-fungus,  510. 
saprophytic  cocci,  447. 
earcinee,  447. 
specific  poison  of,  37. 
spirilla,  516. 

spirillum  cholers  Asiatiofe,  517. 
Finkler-Prior,  521. 
rubrum,  517. 
rugula,  516. 
sputigenum,  521. 
tenue,  516. 
tyrogenum,  521. 
undula,  516. 
volutans,  516. 
spiroohaetebuccali88iTedenticola,516. 
Obermeieri,  522. 
plicatilis,  516. 
staphylococci,  447. 
staphylococcus  pyogenes  albus,  450. 
pyogenus  aureus,  448. 
pyogenus  citreus,  450. 
steam  more  efficacious  than  dry  heat 

in  the  destruction  of,  434. 
streptococci,  447. 
streptoccuB  erysipelatis,  453. 

pyogenes,  450. 
streptotnrix  Maduree,  515. 
substances  hindering  the  development 

of,  435. 
suppuration,  278. 
vibrio  Metschnikovi,  522. 
rugula,  516. 
serpens,  516. 
Bacterium  coli  commune,  470. 

termo,  462. 
Balantidinm  colt,  565. 
Barrel-figure,  229. 

Basement  substance  of  the  tissues,  248. 
Bedbugs,  536. 
Bed-sores,  148. 
Bioblast,  163. 
Biting-mite,  537. 
Blackleg,  bacillus  of,  506. 
Blennorrhoea,  276. 
Blisters,  formation  of,  268,  270. 
Blood,  air  in  the,  47. 

atrophic,  condition  of  the,  143. 
change  in,  producing  fatty  degenera- 
tion, 171. 
coagulation  of  the,  115. 
disturbances  in  the  circulation  of  the, 

103. 
extravasation  of,  134. 

changes  in  color  in,  200. 
fluidity,  no  value  in  the  diagnosis  of 

the  mode  of  death,  122. 
protective  albuminoids  of  the,  73. 
stasis  of.  128. 
Blood-cells,  life  of  the,  251. 
red,  new  formation  of,  249. 
white,  new  formation  of,  248. 
Blood-plates,  251. 

conglutination  and  viscous  metamor- 
phosis of,  119. 


Blood-plates,  the  product  of  the  red  blood- 
coi'puscles,  121. 

Blood-poisons,  21. 

Blood-serum  of  immunized  animals,  ther- 
apeutic use  of.  84. 

Blood-tumor,  134. 

Blood-vessels,  new  formation  of,  241. 
of  granulation  tissue,  284. 

Body-louse,  538. 

Bone,  formation  of,  248. 
regeneration  of,  245. 

Bothriocephalus  cordatus,  503. 
latus,  561. 

Brachygnathia,  406. 

Bums,  11. 

Cachexia,  definition  of,  143. 

of  tumors,  311. 

suprarenal,  60. 

thyreopriva,  58. 
Calcification,  188. 
Calculi,  tertiary,  193. 

bronchial,  formation  of,  193. 

formation  of,  188. 

organic  nuclei  of,  193. 

urinary,  194. 
Cancer,  see  Carcinoma. 
Cancer-cells,  361. 
Carbon  disulphide,  poisoning  by,  24. 

monoxide,  poisoning  by,  22. 
Carcinoma,  351,  357. 

adenomatosum,  357. 

alveolar,  364. 

colloid,  364. 

cylindrical  epithelial,  362. 

cylindromatosum,  365. 

degenerative  processes  in,  368. 

etiology  of,  369. 

flat-celled  epithelial,  362. 

gelatinous,  364. 

giant-celled,  366. 

medullon,  362,  363. 

metastases  of,  367. 

myxomatous,  365. 

parasitic  theory  of,  370,  570. 

retrograde  changes  in,  368. 

scirrhosum,  362,  363. 

simplex,  362,  363. 

umbilication  of,  369. 
Caro  luxurians,  301. 
Cartilage,  formation  of,  248. 

hyaline,  regeneration  of,  246. 
Caseation,  281. 
Castration,  effects  of,  upon  the  organism, 

61. 
Catarrh,  268. 

chronic,  299. 

desquamative,  270. 

mucous,  270. 

purulent,  276. 

serous,  270. 
Caterpillars,  fungi  producing  disease  in, 

533. 
Caustics,  19. 
Cebocephalia,  404. 
Cell-body,  two  elements  of,  235. 
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Cell-growth,  influeuces  affecting,  238. 
Cells,  cancer,  361. 

cloudy  swelling  of,  166. 

division  of,  budding,  235. 

division  of,  changes  preparatory  to, 
227. 
protoplasmic  constriction  in,  229. 

giant,  234. 

in  tuberculosis,  478. 

hydropic  degeneration  of,  167. 

irritability  of  the,  238. 

mast,  163. 

nucleus  the  centre  of  power  for  the, 
234. 

phagocytosis  of,  68,  71. 

proliferating  power  of  the,  236. 

resting,  236. 

tactile  irritability  of,  71. 
Centrosomes,  229. 
Cephalocele,  404. 
Cercomonas  intestinalis,  565. 
Cerebrospinal  canal,  deficient  closure  of, 

396. 
Cestodes,  552. 
Chancre,  493. 
Charcot's  crystals,  178. 
Cheilo-gnatho-palatoschisis,  405. 
Chemotaxis,  71,  296. 

affecting  emigration  of  leucocytes  in 
inflammation,  263. 

in  relation  to  bacteria,  436. 
Cbemotropismus,  see  Chemotaxis. 
Chicken-cholera,  bacillus  of,  509. 
Chloral  hydrate,  poisoning  by,  25. 
Chloroform,  poisoning  by,  24. 
Chloroma,  345. 
Cholera,  Asiatic,  spirillum  of,  517. 

nostras,  spirillum  of,  521. 
Cholera-red,  518. 
Cholesterin,  173. 
Chondroblasts,  245. 
Chondroma,  316. 
Chondromyxoma,  314,  348. 
Chondromyxosarcoraa,  348. 
Chondrosarcoma,  317,  348. 
Chromatin,  227. 
Chromosomes,  228. 
Chylangioma,  325. 
Chyluria,  140. 
Cicatrization,  226. 
Cieutoxin,  poisoning  by,  26. 
Cimex  leetuarius,  538. 
Circulation,  corporal,  changes  of  vascular 
resistance  in,  107. 

general  disturbances  of  the,  103. 

inflammatory  disturbances  of  the,  261. 

pulmonary,  changes  of  vascular  re- 
sistance in,  108. 
Cirrhosis  of  the  liver,  302. 
Cladothrix  asteroides,  515. 
Cleft  palate,  405. 

Climate,  influence  of,  upon  man,  30. 
Clostridium,  431,  460. 
Clothing-louse,  538. 
Clots,  lardaeeous,  115. 

post-mortem,  114. 


Cloudy  swelling,  166. 
Clubbed  hand,  416. 
Club-foot,  415. 

Coagulation  of  the  blood,  115. 
Coagulation-necrosis,  149,  151. 
Cocci,  431,  446. 

pathogenic,  448. 

saprophytic,  447. 
Coccidia,  566. 

Colchicine,  poisoning  by,  26. 
Cold,  disease  caused  by,  12. 
"Colds,"  13. 
Colloid  cancer,  364. 

degeneration,  178. 
Concretions,  amyloid,  185. 

formation  of,  IBS. 

urinary,  194. 
Condyloma,  acuminate,  299. 
Congestion,  109. 

Conglutination  of  blood-plates,  119. 
Conidia  spores,  524. 
Coniiue,  poisoning  by,  26. 
Connective  tissue,  hyperplasia  of,  244. 

regeneration  of,  244. 
Contagium,  definition  of,  29. 
Corpora  amylacea,  185. 
Corpulence,  169. 

inherited  predisposition  to,  90. 
Crab-louse,  538. 
Crab-pest,  cause  of,  533. 
Cranial  vault,  deficiency  in  the,  402. 
Craniopagi,  424. 
Craniorachischisis,  397,  402. 
Cranioscfaisis,  402. 
Cretinism,  59. 

Criminal,  the  congenital,  91,  96. 
Crisis,  definition  of,  64. 
Cruor,  definition  of,  114. 
Cryptomerorachischisis,  401. 
Culture  methods  of  examining  for  bacteria, 

443. 
Curarine,  poisoning  by,  26. 
Cyanosis,  105. 
Cyclencephalia,  404. 
Cyclocephalia,  404. 
Cyclopia,  404. 
Cylindroma,  346. 
Cystadenoma,   malignant    papillarv,  378, 

380. 
Cysticercus  cellulosie,  555. 

racemosus,  556. 
Cystocarcinoma,  papillary,  378,  380. 
Cystofibroma,  papillary,  380. 
Cystoma,  development  of,  376. 

epithelial,  351,  371. 

multilocular,  of  the  ovary,  371. 

of  the  breast,  375. 

of  the  kidney,  374. 

of  the  liver,  373. 

of  the  ovary,  371. 

of  the  skin,  375. 

of  the  testicle,  373. 

papillary,  of  the  breast,  375. 
of  the  ovary,  373. 

simple,  373. 

unilocular,  371. 
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Cystomyxoma,  papillary,  381. 
Cystosarcoma,  375. 
papillary,  381. 
Cysts,  bronchial,  407. 

due  to  capsule-formation  around  for- 
eign body,  216. 
liquefaction  of  a  portion  of  tissue, 
216. 
echinococcng,  558. 
formation  of,  213. 
formed  by  parasites,  216. 
hydatid,  559. 
retention,  213. 
Cytoblaats,  163. 

Dauohter>8Tar8,  229. 
Death,  143. 

apparent,  145. 

local,  145. 

signs  of,  144. 
Death-spots,  112. 
Decubitus,  148. 
Deformities,  386. 
Degenerate,  the,  91,  96. 
Degeneration,  amyloid,  180. 

cheesy,  150. 

colloid,  178. 

fatty,  170. 

granular,  166. 
of  cells,  163. 

hyaline,  186. 

hydropic,  167. 

lardaceous,  ISO. 

mucous,  176. 

of  tissue,  causes  of,  142. 

parenchymatous,  166. 

waxy,  150,  180. 
Demodex  folliculorum  hominis,  536. 

in  dogs  and  swine,  537. 
Derencephalia,  403. 
Dermatocoptes,  537. 
Dermatocysts,  383,  384. 
Dermatomycosis  diffusa  fiexorum,  533. 

furfuracea,  fungus  of,  531. 
Dermatophagus,  537. 
Dermoid  cysts,  383,  407. 
Desmo bacteria,  431. 
Desmoid  tumor,  312. 
Development,  disturbances  of,  386. 
Diabetes  mellitus,  production  of,  56. 
Diapedesis,  cause  of,  135. 
Diastematomyelia,  401. 
Diathesis,  hiemorrhagic,  136. 
Digitalin  and  digitalein,  poisoning  by,  27. 
Diphtheria,  bacillus  of,  472. 
Diphtheritic  inflammation,  279. 
Diplococci,  431,  446, 
Diplococcus  pneumoniee,  455. 
Dipygus,  429. 

Disease,  acquired,  transmission  of,  to  de- 
scendants, 96. 

anatomical  conception  of,  3. 

causes  of,  4. 

altered  gland  function,  55. 
animal  parasites,  39. 
aspergilli,  526. 


Disease,  causes  of,  bacilli,  459. 

bacteria,  31,  446. 

cocci,  446. 

coccidia,  566. 

cold,  12. 

conceptional  infection,  102. 

disturbances  of  circulation,  103. 

dust,  15,  43. 

electric  discharges,  14. 

fatigue,  10. 

fission-fungi,  31,  446. 

heat,  11. 

increased  atmospheric  pressurei 
14. 

insufficiency  of  oxygen,  8. 

intra-uterine  placental,  102. 

lack  of  food  and  water,  9. 

mechanical  influences,  15. 

mould-fungi,  523. 

poisoning,  17. 

protozoa,  563. 

reduced  atmospheric  pressure,  13. 

retrograde  disturbances  of  nutri- 
tion and  infiltration  of  the  tis- 
sues, 142. 

spirilla,  516. 

thread -fungi,  529. 

yeast-fungi,  523. 
constitutional,  4. 

arising  from  internal  causes,  89. 
definition  of,  2. 
duration  of,  5. 
general,  4. 
hcematogenous,  caused  by  metastasis, 

41. 
immunity  from,  79. 
infectious.  28. 

hereditary  transmission  of,  101. 
inheritable,  95. 
intrinsic  causation  of,  88. 
local,  4,  48. 

arising  from  internal  causes,  90. 

effect  of,  ux>on  the  organism,  49. 

infectious,  38. 
lymphogenous,  caused  by  metastasis, 

41. 
metastatic,  41. 
miasmatic-contagious,  29. 
natural  cure  of,  95. 

prot«otion  against,  68,  79. 
nervous,  of  accidental  origin,  16. 
objective  symptoms  of,  2. 
parasitic,  29. 
predisposition  to,  77. 

inherited,  93. 
symptoms  of,  2. 

subjective,  2. 
termination  of,  5. 

transmission  of,  by  inheritanee,  95. 
Distoma  felineum,  551. 
hffimatobium,  551. 
hepaticum,  550. 
lanceolatum,  551. 
pulmonale,  550. 
sibiricum,  551. 
Distomia.  407. 
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DochmiuB  duodenalis,  542. 
Bracunculus  medinensls,  548. 
Dropsy,  129. 
Duplicitas  anterior,  427. 

posterior,  428. 
Diist,  ditteases  caused  by,  15,  43. 
Dwarf-growth,  395. 
Dwarfs,  156. 

development  of,  89. 
Dyscrasia,  baet«rial,  37. 

definition  of,  143. 
Dysentery,  amceba  of,  564, 

ECCHONDROSIS,  317. 

Eccb>'mo8e8,  134. 
Echinococcus,  557. 

granulosus,  559. 

hydatidosus,  559. 

multilocularis,  559. 

veterinorum,  559. 
Ectopia  cordis,  409. 

intestini,  409. 

vesiesB  urinariee,  409. 
Eczema  mai^natum,  fungus  of,  530. 
Effusions,  inflammatory,  268. 
Egyptian  chlorosis,  542. 
Electric  stroke,  disease  caused  by,  14. 
Elephantiasis,  218. 

simulat«d  by  cirsoid  neuromata,  334. 
Embolism,  127. 

erossed  or  paradoxical,  42. 

formation  of,  127. 

in  the  causation  of  disease,  40. 
Embolus,  a  straddling,  45. 
Embryo,  malformation  of  the,  386. 

normal  or  pathological  qualities  pres- 
ent in  the.  are  transmissible,  98. 

variations  in  the,  98. 
Emphysema,  gangrenous,  154. 

of  thf  skin,  47. 
Empyema,  276. 

Encephalomeningocele,  403,  404. 
Eiichondroma,  316. 
Endothelioma,  341. 
Enostosis,  317. 
EnttToeysts,  384. 
Enteroliths,  WS. 
Eplielides,  32'). 
Epitferaie,  definition  of,  28. 
EpigastriuH,  426. 
Epignathus,  426. 
Epispadias.  411. 
Epistaxis,  definition  of,  134. 
Epithelial  tumors,  303,  351. 
Epithelioma,  362. 

c'ontagiosum,  567. 
Epitheliinn,  horny  deponeration  of,  259. 

re^feneration  of,  239. 
Ergotism,  21. 

Erysipelas,  streptoeot'cus  of,  4;'>3. 
Erythrasniii,  fiXi. 
Erytliriil>hists.  2'A. 
Etlier,  iHiisoning  by,  25. 
Ethmoeoiilialiii,  404. 
Eiistrontrylus  tritfu>*.  ;">42. 
Exostosis,  317. 


Exostosis,  cartilaginous,  319. 

connective-tissue,  320. 
Exstrophy  of  the  bladder,  4001 
{Extravasations  of  blood,  134. 

changes  in  color  in,  200. 

Farcy,  bacillus  of,  503. 
Fastigium  of  fever,  64. 
Fatigue,  disease  resulting  from,  10. 
Fats  in  the  human  body,  173. 
Fat-tissue,  serous  atrophy  of,  169. 
Fatty  atrophy,  168. 
degeneration,  170. 
granule-spheres,  295. 
neck,  316. 

tissue,  formation  of,  248. 
FavuB,  fungus  of,  529. 
Felt-louse,  538. 
I  Fermentation  processes  caused  by  bacteria, 

437. 
Fever,  62. 
I         stages  of,  63. 
I         varieties  of,  64. 
:  Fibrin-ferment,  derivation  of,  121. 
Fibroblasts,  245,  284. 
Fibrolipoma,  315. 
Fibroma,  312. 

cedematous,  314. 
Fibromyoma,  328. 
!  Fibromyxoma,  314. 
Fibrosarcoma,  336,  340. 
I  Filaria  h»matica,  549. 
Filaria,  medinensis,  548. 
I         papulosa,  549. 

sangtiinis,  141,  548. 
Fish,  poisonous,  18. 
Fission -fungi,  431.    See  Bacteria. 
Fistula  colli  congenita,  407. 

Ijinph,  140. 
I  Fistulous  tracts,  277. 
I  Fissura  abdominalis,  409. 

sterni,  409. 
Flea.  538. 
Flies,  538. 

fungus  producing  disease  in,  533. 
Ftt'tus,    bacterial    invasion  of,    from   the 
mother,  441. 
frog,  402. 
papjTaceus,  425. 
syphilis  of  the,  498. 
tubercular    infection    of,     from    the 
mother,  490. 
Foot-and-mouth  disease,  streptococcus  of, 
I     459. 
1  Foreign  bodies,  formation   of  giant-cells 

around,  296. 
j  Fragmentation,  direct  and  indirect,  in  nu- 
clear division,  233. 
Freckles,  325. 
'  Frog  fwtus,  402. 
Fungi,  budding,  523. 
fission,  431. 
I  mould,  523. 

'  yeast,  523. 

S  Gall-stones,  composition  of,  193. 
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Gangrene,  black,  153. 

chemical  end-products  of,  166. 

cold,  154, 

dry,  153. 

hot,  154. 

marasmic,  148. 

moist,  154. 

white,  154. 
Gas-phlegmon,  278. 
Gastrophilus,  539. 
Gastroschisis,  409. 
Genitalia,  development  of  the,  418. 

external,  malformations  of  the,  410. 
Germ,  variations  in  the,  98. 
Germ-centres,  248, 
Giant-cells,  234. 

surrounding  foreign  bodies,  296. 
Giant-growth,  218,  416. 
Giants,  development  of,  89. 
Glanders,  bacillus  of,  503. 
Glioma,  330. 

Glycogen,  deposit  of,  in  the  tusues,  174, 
Gnats,  538. 
Gonococcus,  454. 
Gonorrhoea,  micrococcus  of^  454. 
Gout,  inherited  predisposition  to,  90. 

uric-acid  deposits  in,  190. 
Granulation  growths,  chronic,  300. 

tissue,  282. 

cells  of,  284. 
Granulations,  fungous,  300. 
Granulomata,  301. 
Gregarinee,  p&rasltic,  566. 
Growth,  abnormal,  of  the  body,  89. 

dwarf,  395. 

giant,  218,  416. 

Guinea-worm,  548. 
Gumma,  494. 
Gyufldcomastia,  418. 

H^MANOIOUA,  320. 
Hsemanglosarcoma,  342. 
Htematemesis,  definition  of,  134. 
Htematoblasts,  251. 
Hematocele,  definition  of,  134. 
Heematocysts,  385. 
Heematoidin,  202. 
Hematoma,  134. 
Heematometra,  definition  of,  134. 
HsBmatopericardium,  134. 
Hematuria,  definition  of,  134. 
Hemochromatosis,  200,  204. 
Hemofuscin,  206. 
Hemoglobin,  derivatives  of,  201. 
Hemoglobinemia,  204. 
Hemoglobinuria,  204. 

of  cattle,  coccus  of,  458. 
Hemophilia,  136. 
Hemoptysis,  defiinition  of,  134. 
Hemorrhage,  134. 

per  diabrosin,  134. 

per  diapedesin,  134. 

per  rhexim,  134. 
Hemorrhagic  diathesis,  136. 

exudate  in  inflammation,  274. 
Hemosiderin,  202. 


Hemosporidia,  574. 
Hemothorax,  definition  of,  134, 
Harelip,  406. 
Harve8t-mit«,  535. 
Head-louse,  538. 

Healing  powers  of  the  human  body,  75. 
Health,  definition  of,  1. 
Heart,  results  of  inefficient  action  of  the, 
104. 

thrombosis  of  the,  122. 
Heart-poisons,  24, 
Heart-polypi,  123. 
Heat,  disease  catiaed  by,  11. 
Heat-stroke,  11. 

Height  of  individuals,  average,  221. 
Helleborin,  poisoning  by,  27. 
Heredity,  atavistic,  §6. 

collateral,  95. 

degenerative,  94. 

direct,  95. 

identical,  94. 

in  the  causation  of  disease,  93, 

transformational,  94, 
Hermaphrodism,  392,  418. 
i         varieties  of,  421. 
Hernia  cerebri,  404. 

umbilical,  409. 
Herpes  tonsurans,  fungus  of,  530. 
I  Heteroplasia,  226. 
Hippomelanin,  199. 
I  Hodgkin's  disease,  335. 
I  Hog-cholera,  bacillus  of,  509. 
Holorachischisis,  396. 
Holoschisis,  233. 
Homo  delinquens,  91,  96. 
Horns,  epidermal,  222. 
Horse-flies,  538. 
Hyaline  degeneration,  186. 
Hydatids,  559. 

Hydrazine,  poisoning  by,  23. 
Hydrencephalocele,  404. 
Hydrocele  colli  congenita,  407. 
Hydrocyanic  acid,  poisoning  by,  22. 
I  Hydrogen  sulphide,  poisoning  by,  22. 
Hydromeningocele,  400. 
{  Hydrorachis  externa  circumscripta,  400. 
Hydrothorax,  chylous,  140. 
I  Hygroma  colli  congenitum,  325. 
i  HyoBcyamine,  poisoning  by,  26. 
Hyperemia,  active,  110. 

local,  109. 

passive,  110, 

venous,  105. 
Hypermastia,  418. 
Hyperonychia,  223. 
Hyperostosis,  317. 
Hyperplasia,  localized,  225. 

of  connective  tissue,  244. 

of  epithelium,  239. 
Hyperthelia.  418. 
Hypertrichosis,  222. 
Hypertrophy,  compensatory,  224,  241. 

definition  of,  217. 

from  failure  of  a  variable  organ  to  di- 
minish in  size,  225. 

from  lessened  wear,  224. 
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Hypertrophy,  from  overwork,  223. 

from  repeated  irritation,  225. 

glandular,  35i). 

of  congenital  origin,  217. 

of  muscle,  253. 

numerical,  226. 

Himple,  226. 
Hyphse,  524. 
Hypoplasia,  142,  156. 
Hyposarea,  129. 
H^'pospadias,  411. 
Hypostasis,  p08t-mort«m,  112. 

Ichthyosis,  221. 

congenita,  222. 

hvstrix,  222. 
Icterus,  208. 

neonatorum,  212. 

purely  heematogenous,  does  not  exist, 
211. 
Idiosyncrasy,  congenital  and  acquired,  78. 
Immunity,  79. 

acquired,  82. 

duration  of  period  of,  88. 
transmission  of,  from  mother  to 
child,  102. 

natural,  not  tram^missible  by  inocula- 
tion, 88. 

through   an  attack  of  a  specific  dis- 
ease, 82. 

through  injection  of  protective  serum, 
84. 

through    inoculation    of    attenuated 
bacteria,  83. 
Impetigo  contagiosa,  fungus  of,  531. 
Inclusio  fcetalis,  427. 
Infarcts,  aiiffmic,  137,  139. 

hfemorrhagic,  134,  138. 
Infection,  bacterial,  440. 

conceptional,  102. 

cryptogenic,  36. 

disease  arising  from,  28. 

double,  441. 

iiitra-uterine  placental,  102. 

mixed,  36. 

natural  i)roteetion  against,  69. 

parawiTi)*,  30. 

secondary,  36,  441. 
Infiltrations,  amyloid,  185. 
Inflammation,  200. 

acute,  260. 

adhesive,  289. 

atrophy  of  specific  and  hypertrophy  of 
connective  tissue  in,  302. 

by  continuity,  261. 

(•atiirrlml,  268. 

causes  of,  260. 

chemotaxis  in,  2%. 

clironic,  207. 

circulatory  disturlianees  in,  261. 

croupous.  270. 

diphthorilie,  270, 

eeto^ennus,  261. 

effusiniis  in,  26H. 

excretory,  261. 

exudation  in,  263. 


luflammation,  fibrinous,  270. 

forms  of,  260. 

hfematogenous,  261. 

heemorrhagic  exudate  in,  274. 

infiltration  of  the  tissues  in,  266. 

interstitial,  267. 

lymphogenous,  261. 

metastatic,  261. 

necrotic,  278. 

nomenclature  of,  268. 

parenchymatous,  267. 

phagocytosis  in,  294,  297. 

process  of  repair  associated  with,  281. 

proliferating,  282. 

purulent,  275. 

removal  of  the  excitant  of,  282. 

superficial,  267. 

suppurative,  275. 

vascular  changes  in,  261. 
Influenza,  bacillus  of,  472. 
Infusoria,  parasitic,  563. 
I  Inoculation,  protective,  83. 
I  Inseots,  parasitic,  537. 
I  Insolation,  11. 
I  Intoxication,  17. 

auto-,  49. 

in  infectious  diseases,  33,  49. 
I  Invasion -disease,  definition  of,  39. 
I  Ischemia,  112. 
,  Iscfaiopagi,  424. 
'  Itch-mite,  535. 
Ixodes  ricinos,  536. 
I 
.  Janiceps,  428. 

■  Jaundice,  208. 

I  Karyoblasts,  163. 
.  Karyokinesis,  227. 

Karyomitoais,  227. 
atypical.  232. 

Keratosis  follicularis.  570. 
■■  Kidney,  contracted,  302. 

;  Lardaceous  degeneration,  180. 

Leiomyoma,  327. 

Lentigines,  325. 

Ijcontiasis  leprosa,  500. 

Leprosv,  l>aeillua  of,  498. 

Leptothrix,  431,  432. 
buccalis,  462. 

Leptus  autumnalis,  535. 

Leucaemia,  249. 

Lcucoblasts,  251. 

Leucocytes,  new  formation  of,  248. 

of  granulation  tissue,  2ft4. 
'  Leucocytosis,  249. 

Levden's  crvstalw,  178. 

Lice.  538. 

Lightning-stroke,  effects  of,  14. 

■  Lipochrom,  199. 
Lipofibroma.  315. 
Lipoma,  315. 
Lipomatosis.  168. 
Lipomyxonia.  314. 
Liquefaction  necrosis,  151. 
Lithoeel>'phopaBdion,  395. 
Ijithocelyphos,  395. 
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Lithoptedion,  395. 

Liver,  eirrhosis  of  the,  302. 

Liver-leach,  550. 

LuQgs,  pigmentation  of,  by  inhalation  of 
dust,  212. 

Lupus,  484. 

Luxations,  congenital,  415. 

Lymph,  obstruction  to  flow  of,  not  suc- 
ceeded by  cedema,  131. 

Lymphadenoid  tissue,  formation  of,  247. 

Lymphadenoma,  334. 

Lymphangioma,  320,  324. 

Lymphangitis,  miliary  tubercular,  487. 

Lymph -fistula,  140. 

Lymph-glands  as  barriers  against  infec- 
tion, 72. 

Lymphoma,  336. 

Lymphorrhagia,  140. 

Lymphosarcoma,  335,  338. 

Lysius,  74. 

Lysis,  definition  of,  64. 

Macrocrbilia,  325. 
Macroglossia,  325. 
Maerostomia,  407. 
Madura  foot,  fission-fungus  of,  515, 
Maggot  worm,  541. 
Malanders,  537. 
Malaria,  parasit«  of.  570. 
Malformations,  386. 
atavistic,  387. 
atypical,  388. 
causes.  387. 
congenital.  386. 
double,  387.  392,  423. 
due  to  abnormal  disposition  of  parts, 
392. 
abnormal    positions    of   internal 

organs  and  extremities,  415. 
defective  development,  391. 
deficient  closure  of  cerebrospinal 

canal,  396. 
excessive  growth,  391,  416. 
faulty  closure  of  abdominal  and 

thoracic  cavities,  408. 
multiplication  of  parts,  416. 
partial  duplication  of  axial  struc- 
tures, 427. 
pathological    conditions    of    the 

amnion,  387. 
persistence  of  foetal  structures, 

384,  392. 
presence  of  tissues  in  unusual  sit- 
uations, 381,  392. 
exhibiting  mixture  of  sexual  charac- 
teristics, 392. 
bermaphrodism,  418. 
inherited,  387. 
of  ext«mal  genitalia,  410. 
of  extremities  due  to  arrest  of  devel- 
opment, 412. 
of  face  and  neck,  405. 
of  mouth,  407. 
of  nervous  system,  396. 
single,  386,  391. 
typical,  388. 


Marasmus,  definition  of,  143, 

Margarin  crystals.  173. 

Marrow,  bone-formation  of,  247. 

Mast-cells,  163. 

Measle  of  bothriocephalus  latus,  562. 

of  tfenia  solium,  555. 
Meckel's  divei*ticulum,  persistence  of,  409. 
Megastoma  entericum,  565. 
Melanin,  197. 
Melanocarciuoma,  366. 
Melanosarcoma,  344. 
Membrane,  croupous  formation  of,  271. 
Meningocele,  400,  403,  404. 
Meningococcus,  457. 
Meningo-encepbalocele,  404. 
Menorrhagia,  definition  of,  134. 
Merismopedia,  431,  432,  447. 
Meroraehischisis,  397. 
Metaglobulin,  derivation  of,  121. 
Metakinesis,  229. 
Mataplasia,  epithelial,  259. 

tissue,  257. 
Metastasis,  bodies  producing,  42. 

carcinoma,  367. 

in  the  causation  of  disease,  40. 

of  neoplasms  through  the  blood-ves- 
sels, 309. 
through  the  lymph-channels,  308. 

retrograde,  42. 
Metheemoglobin,  23. 
I  Methfemoglobinuria,  204. 
!  Metrorrhagia,  definition  of,  134. 
Miasm,  definition  of,  29. 
Micofibroma    of    horses,    ascococcus    of, 

459. 
Micreucepbalus,  156. 
Microbacteria,  431. 
Microbrachius,  412. 
\  Microcephalus,  156,  403. 
Micrococci,  431,  447. 
;  Micrococcus  fcetidus,  448. 
.         gonorrhoBEB,  454. 
I         pyogenes  tenuis,  450. 

tetragenus,  448. 
Micromelus,  412. 
Micro-organisms,  31,  431,  563. 
Microprotein,  432. 
Micropus,  412. 
',  Microsomia,  395. 
,  Microsporon  furfur,  531. 

minutissimum,  531. 
Microstomia,  407. 
Miescher,  sacs  of,  569. 
Milk-patch,  289. 
Mites,  parasitic,  534. 
Mitom,  235. 
Mitosis,  227. 
i         asymmetrical,  232. 

bipolar  and  multipolar,  231. 
Moles,  394. 
Monas  lens,  565. 
Monilia  Candida,  528. 
Monobrachius,  412. 
Monopus,  412. 
Monsters,  386, 

autosite,  425. 
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Monsters,  double,  387,  392,  423. 

origin  of,  from  a  single  egg,  392. 

parasitic,  425. 

single,  391. 

triple-headed,  430. 
Morphine,  poisoning  by,  26. 
Mother-star,  228. 
Mould-fungi,  523. 

saprophytic,  525. 
Mouse-septicfemia,  bacillus  of,  510. 
Mucins,  177. 
Mucor  oorymbifer,  527. 
Mueorinese,  disease-producing,  37. 
Mucous  degeneration,  176. 
Mucous-tissue,  formation  of,  247. 
Mummification  necrosis,  153. 
Musca  anthropopliaga,  539. 
Muscardiite  in  silkworms,  fungus  of,  533. 
Muscarine,  x>oisoning  by,  27. 
Muscle,  hypertrophy  of,  253. 

regeneration  of,  261. 
Mushrooms,  poisoning  by,  23,  27. 
Mussels,  poisonous,  18. 
Mycelium,  524. 

Mycetoma,  fission-fungus  of,  515. 
Myooderma  albicans,  528. 
Myelocvstompningocele,  400. 
Myeloeystfi,  384. 
Myelomeningocele,  399. 
Myiasis,  538. 
Myofibroma,  328. 
Myoma,  327. 

striocellulare,  329. 
Myosarcoma.  330. 
Myxochondroma,  314. 
MyxGpdema,   resemblance  of,  to   thyreo- 

prival  cachexia,  58. 
Myxofibroma,  314. 
Myxolipoma,  314. 
Myxoma,  314. 
Myxosarcoraa,  314,  347. 

N^vrs,  lymphatic,  325. 

pigraentosus,  325. 

I)ilosus.  ii'2r>. 

proniinens,  325. 

spiluH,  32"). 

Viiscular,  320. 

vernu-osus,  325. 
Nniiosoraia,  395. 
Necrobiosis.  147,  151. 
Necrosis,  145. 

anivmif,  147. 

catisps  of,  14fi. 

baeterial,  279. 
chemical,  278. 

eheinical  end-products  of,  15C. 

eoaguhition,  149,  151. 

diplitheritic,  279. 

direct,  147. 

indirect,  147. 

infliimmatory.  278. 

lit|uefaetion,  151. 

niarnsniic,  148. 

nmmmiticatioii.  l.")3. 

repair  after,  290. 


Necrosis,  results  of,  148. 
senile,  148. 
sequelee  of,  148. 
Nematodes,  539. 
Neoplasm,  see  Tumor. 
Nerve-poisons,  24. 

I  Nerve-tissue,  regeneration  of,  254. 
Neuroglia,  regeneration  and  hypertrophy 

of,  254. 
Neuroglioma  ganglionare,  331. 
Neuroma,  332. 

amputation,  255,  332. 
cirsoid,  334. 
plexiform,  334. 
Neuroses,  traumatic,  16. 
Neurotization,  257. 
New-bom,  causation  of  disease  in  the,  81. 

uric-acid  infarction  of  the,  195. 
,  New-growth,  see  Tumor. 
^  Nicotine,  poisoning  by,  26. 
'  Nitro-bacteria,  438, 
I  Nitrous  oxide,  poisoning  by,  25. 
I  Nuclear  framework,  227. 
I         segments,  228.   ■ 
;  Nuclein,  227. 
Nucleus,  division  of,  227. 
amitotic,  233. 
structure  of  a  completely  developed, 

227. 
the  centre  of  power  for  the  cell,  234. 
Nutrition,    retrosn^e    disturbances    of. 
142. 

I  Obesity,  169. 

I         inherited  predisposition  to,  90. 
Ochronosis  of  cartilage,  200. 
i  Odontoma,  317. 
(Edema,  129. 

cachectic,  132. 

ex  vacuo,  133. 

hydra?mic,  132. 

inflammatory,  132,  269. 

malignant,  bacillus  of,  475. 

of  stagnation,  131. 

purulent,  278. 

varieties  of.  131. 
CEstrus  oris  and  bovis,  539. 
Oidium  albicans,  527. 
Old  age,  predisposition  of,  to  disease,  81. 
Omphalocele,  409. 
Omphalopagi,  423. 
Onycliogrj-phosis,  223. 
Onychomycosis  favosa,  530. 

tonsurans,  530. 
Opium,  poisoning  by,  25. 
Organs,  average  weight  of,  221. 

aupemunierary,  416. 
Ost^oarthropathie  hypertrophiante,  219. 
Osteoblasts,  245. 
Osteochondroma,  317,  350. 
Osteofibroma,  349. 
1  Osteoma,  317. 
Osteophyte,  317. 
Osteoporosis,  160. 
Osteosarcoma,  349. 
Oxj-uris  vermicularis,  541, 
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PACHTAKRIA,  2l8. 

Paget's  disease,  parasite  of,  570. 
Papillary  excrescences  in  cysts,  develop- 
ment of,  377. 
Papilloma,  312. 
Paramsoium  coli,  565. 
Paramltom,  235. 
Paraplasm,  235. 
Parasites,  animal,  39,  534. 

micro-,  30,  431,  563. 

pathogenic,  29,  446. 
Parrots,  death  of,  from   infection    with 

streptococcus  mycosis,  459. 
Pathology,  general,  definition  of,  6. 
Pearl-disease  in  cattle,  491. 
PedicuU,  538. 

Penis,  duplication  of  the,  411. 
Pentastoma,  536. 

in  cattle,  537. 
Perobrachius,  412. 
Perochirus,  412. 
Peromelus,  412. 
Peropus,  412. 
Pes  calcaneus,  415. 

equinorarus,  415. 

valgus,  415. 
Pestilence,  definition  of,  28. 
Petechiae,  134. 
Petrifaction,  188. 
Phagocytosis,  68,  71,  294,  297. 
PhaUin,  poisoning  by,  23. 
Phenyl  hydrazine,  poisoning  by,  23. 
Phimosis,  hypertrophic,  411. 
Phleboliths,  124. 
Phlegmon,  formation  of,  278. 
Phlogosls,  see  Injlainmation. 
Phooomelus,  412. 
Phymatorhusin,  199. 
Kcrio  acid,  poisoning  by,  24. 
Pigment,  autochthonous,  197. 

formation  of,  in  the  tissues,  197. 

hiematogenous,  200. 

introduction  of,  from  without,  212. 

origin  of,  197. 
Pigmentation,  197. 
Pigmented-granule  spheres,  295. 
Pithead,  561. 
Pityriasis  rosea,  533. 

versicolor,  fungus  of,  531. 
Plasmodium  malarife,  570. 
Plethora,  effect  of,  upon  the  circulation, 

107. 
Pleuropneumonia  of  cattle,  bacteria  of, 

456. 
Pneumococcus,  457. 
Pneumonia,  bacillus  of,  470. 

diplococcus  of,  455. 
Poisons,  blood,  21. 

classification  of,  19,  27. 

disease  caused  by,  17. 

insusceptibility  to,  79. 

list  of  the  most  common,  17. 
Polar  furrow,  398. 
Polydactylism,  417. 
Polymelia,  429. 
Polypi,  hairy,  383. 


Polypi,  heart,  123. 

Potassium  chlorate,  poisoning  by,  23. 

cyanide,  poisoning  by,  22. 
Predisposition  to  disease,  77. 
at  different  ages,  81. 
racial,  82. 
sexual,  82. 
Prepuce,  abnormalities  of,  411. 
Proliferation  in  inflamed  tissue,  282. 
Prosoposchisis,  406. 
Protein,  immunity-,  76. 
Proteus  vulgaris,  462. 
Prothrombin.  121. 
Protophytes,  431. 
Protoplasm,  division  of,  234. 

structure  of,  234. 
Protozoa,  pathogenic,  39,  563. 
Pseudomelanosis,  203. 
Pseudomucin,  177. 
Pseudorhabditis  sterooraUa,  544. 
Pseudotuberculosis  cladothriohica,  515. 

guinea-pigs,  caused  by  cocci,  459. 
Psorospermose  folliculaire  v^g^tante,  570. 
Ptomaines,  33,  437. 
Pulex  irritans  and  penetrans,  538. 
Pulsation,  venous,  cause  of,  105. 
Pulse,  accelerated,  in  fevers,  66. 
Pus,  calcification  of  inspissated,  293. 

formation  of,  275. 
Pus-cocci,  448. 
Pustule,  formation  of,  277. 
Putrefaction,  caused  by  bacteria,  437. 

post-mortem,  145. 
Pyemia,  451. 

cryptogenetic,  452. 
Pyelonephritis  of  cattle,  bacillus  of,  509. 
Pygopagus,  428. 
I^osepthfemia,  451. 
Pyrexia,  see  Ferer. 
Pyrogallol,  poisoning  by,  23, 

Quinine,  poisoning  by,  26. 

Bachipaqus,  428. 

Kachischisis,  396. 

Rainey's  bodies,  569. 

Ray-fungus,  510. 

Refrigeration,  disease  resulting  from,  11. 

Regeneration,  217. 

following  inflammation,  281. 

incomplete,  226. 

of  blood-cells,  248. 

of  connective  tissue,  244. 

of  epithelium,  239. 

of  muscular  tissue,  251. 

of  nerve-tissue,  254. 

of  neuroglia,  254. 
Relapsing  fever,  spirochaete  of,  522. 
Retention-disease,  50. 
Rhabdomyoma,  329. 
Rhinoscleroma,  bacilli  of,  505. 
Ricine,  poisoning  by,  24. 
Rigor  mortis,  144. 
Rigors,  65. 

Rouget  du  pore,  bacillus  of,  508. 
Roundworms,  539. 
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Saccharomtces,  ellipsoideuB,  525. 

SacchaTomycetes,  disease-producing,  37. 

Sago-spleen,  180. 

Sand-flea,  538. 

Santonin,  poisoning  by,  26. 

Saprophytes,  433,  523. 

Sareinse,  431,  432,  447. 

Sarcoma,  336. 

alveolar,  340,  352. 

giant-celled,  340. 

mucoid  or  hyaline  degeneration  in  a, 
346. 

osteoid,  349. 

phyllodes,  381. 

polymorphous-celled,  340. 

round-celled,  337. 

spindle-celled,  339. 

tubular,  340. 
Sareoptes  hominis,  535. 

in  horses  and  sheep,  537. 

minor,  537. 

squamiferus,  537. 
Sarcospores,  569. 
Scabies,  parasite  of,  535. 
SchistoproBopia,  405. 
Schizomycetes,  30,  431.     See  Bacteria. 
Scirrhus,  363. 

Scleroma  respiratorium,  bacilli  of,  505. 
Sclerosis  of  connective  tissue,  187. 
Segmentation,  direct  and  indirect,  in  mi- 
tosis, 233. 
Septhfemia,  457. 
Septiceemia,  450. 
Septicopysemja,  451. 
Sequestration  of  necrosed  tissue,  282. 
Serum,  immunizing,  84. 
Shock,  15. 

erethistic,  16. 

torpid,  16. 
Silkworms,  fungus  producing  disease  in, 

533. 
Skin,  multiple  fibromata  of  the,  333. 

transplantation  of,  236. 

tumors  of  the,  belonging  to  the  lymph- 
angiomata,  325. 
Somatoblasts,  163. 
Sphacelus,  154. 
Sphffiro bacteria,  431. 
Spina  bifida,  399. 

occulta,  400,  401. 
Spinal  column,  deficient  closure  of,  396. 
Spinal  cord,  division  of,  in  rachischisis, 

401. 
Spirilla,  431,  516. 

cholerte  Asiaticte,  517. 

Finkler-Prior,  521. 

pathogenic,  517. 
Spirillum  sputigenum,  521. 

tyrogenum,  521. 
Spirobacteria,  516. 
Spiroehaete,  431,  516. 

bucealis  sive  denticola,  516. 

Obermeieri,  522. 

plica  tills,  516. 
Spoolworm,  .440. 
Spore-formation  of  fission-fungi,  432. 


Spores,  conidia,  524. 
Sporozoa,  parasitic,  566. 
Staphylococci,  431,  447. 
Staphylococcus  pyogenes  albus,  450. 
aureus,  448. 
citrous,  450. 
Starvation,  disease  resulting  from,  9. 
Stemopagi,  424. 

Strangles  in  horses,  coccus  of,  458. 
Streptococci,  431,  432. 
Streptococcus  erysipelatis,  453. 

pyogenes,  450. 
Strongylus  duodenalis,  542. 

longevaginatus,  544. 

varieties  infesting  ammals,  544. 
Strychnine,  poisoning  by,  26. 
Sncking-mite,  537. 
Sucking-worms,  649. 
Suffocation,  death  from,  9. 
Suffusions,  bloody,  134. 
Suggillations,  134. 
Sun-stroke,  11. 
Supernumerary  oi^ns   or   parts  of  tlie 

body,  416. 
Suppuration,  275. 

bacteria  causing,  278,  448. 
Suprarenal  capsules,  disease  of  the,  60. 
Swelling,  cloudy,  166. 
Swine-erysipelas,  bacillus  of,  508. 
Swine-pest,  bacillus  of,  509. 
Swine-plague,  bacillus  of,  509. 
Sycosis  parasitaria,  530. 
Symbiotes  equi,  537. 
Symmelia,  412. 
Sympus,  412. 
Syncephalus,  424,  428. 
Syncope,  16. 
Synophthalmia,  404. 
Synotia,  406, 
Syphilis,  bacillus  of,  492. 

congenital,   communicated   by  either 
parent,  101. 

hereditary,  496. 

T.«MA  ooenuris,  561. 

eueumerina,  557. 

echinococcus,  557. 

medioeaiiellata,  557. 

nana,  557. 

saginata,  557. 

solium,  553. 
Tail,  formation  of  a,  418. 
Talipes,  415. 
Talipomanus,  416. 
Tapeworms,  552. 
Tartar  of  the  teeth,  193. 
Tattooing,  212. 

Temperature,  increased  bodv-.    See  Ferer, 
Teratomata.  304,  381,  426,  4*28,  429. 

autochthonous,  384. 

explanation  of,  384. 

lieterochthonouB,  384. 
Tetanus,  bacillus  of,  474. 
Tetany,  thyreoprival,  58. 
Thallophytes.  classification  of  the,  523. 
Thoracogastroschisis,  409. 
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Thoracopagi,  423. 
Thoracopagtui  parasiticus,  426. 
ThoracoschiBis,  409. 
Threadworm,  541, 
Thrombin,  derivation  of,  121. 
Thrombo-arteritis  purulenta,  125. 

phlebitis  purulenta,  125. 
Thrombosis,  115. 

of  small  ressels,  origin  of,  124. 
Thrombus,  autochthonous,  123. 

blood-plate,  118. 

calcification  of  a,  124. 

dark-red,  116. 

formation  of  a,  117. 

free  globular,  in  the  heart,  123. 

induced,  123. 

laminated,  117. 

marasmic,  122. 

obturating,  123. 

organization  of  a,  125. 

parietal,  123. 

primary,  123. 

replacement  of,  by  connective  tissue, 
290. 

septic  aoft«ning  of  a,  125. 

softening  of  a,  124. 

valvular,  123. 

white,  117. 
Thyroid  gland,  disease  resulting  from  de- 
creased or  suspended  function  of  the,  58. 
Tinea  favosa,  fungus  of,  529. 
Tissue,    connective,    hyperplasia   and  re- 
generation of,  244. 

embryonic,  formation  of,  245. 

fatty,  formation  of,  248, 

formative,  235. 

granulation,  284. 

inflUrations  of,  142. 

influences  restricting  growth  of,  238. 

law  of  specific  character  of  the,  235. 

lymphadenoid,  formation  of,  247. 

metaplasia  of,  257. 

mucous,  formation  of,  247. 

transposition  of  germs  of,  385. 
Tissue-growth,  inflammatory,  283. 
Tissue-transplantation,  236. 
Toluylendiamine,  poisoning  by,  23. 
Tongue,  black  hairy,  222. 
Tophi,  gouty,  192. 
Torula-chains,  447. 
Toxalbumins,  33,  37,  437. 
Toxinprotein,  immunity-,  76. 
Toxins,  33. 

Toxopeptone,  cholera,  520. 
Transplantation,  skin-,  236. 

tissue,  236. 
Trematodes,  549. 
Trieephalus,  430. 
Trichina  spiralis,  545. 
Triehocephalus  dispar,  545. 
Trichomonas   intestinalis    and  vaginalis, 

565. 
Trichophyton  tonsurans,  530. 
Triplets,  homologous,  430. 
Trophoneuroses,  54. 
TuberclBi  caseation  of,  480. 


Tubercle,  lymphoid,  479. 

metastatic,  489. 

miliary,  482. 

retrograde  changes  in,  479. 
Tuberculin,  481. 
Tuberculosis,  bacillus  of,  476. 

cure  of,  487. 

formation  of  caverns  iu,  484. 

miliary,  489. 

of  birds,  492. 

of  cattle,  491. 

primarily  a  local  disease,  481. 

pseudo-cladothrichica,  515. 

in  guinea-pigs,  caused  by  cocci, 
459. 
Tumors,  303. 

adenocarcinoma,  357. 

adenocystoma,  357. 

adenoma,  351,  352. 

angioma,  320. 

angiomyoma,  337. 

angiosarcoma,  342. 

appositional  growth,  306. 

benignant,  311. 

blood-,  134. 

cachexia  of,  311. 

carcinoma,  351,  357. 

cartilaginous,  316. 

cavernous,  322. 

chloroma,  345. 

chondroma,  316. 

chondromyxoma,  314. 

chondrosarcoma,  317. 

chylangioma,  325. 

cirsoid  aneurism,  324. 

connective-tissue,  303,  336. 

cylindroma,  346. 

cystoma,  351,  371. 

definition  of,  303. 

dermoid,  383. 

desmoid,  312. 

development  through  proliferation  of 
tissue-cells,  305. 

enchondroma,  316. 

endothelioma,  341. 

epithelial,  303,  351. 

epithelial  cystoma,  351,  371. 

epithelioma,  362. 

etiology  of,  306. 

fatty,  315. 

fatty  neck,  316. 

fibrolipoma,  315. 

fibroma,  312. 

fibromyoma,  328. 

ftbromyxoma,  314. 

fibrosarcoma,  336,  340. 

glioma,  330. 

growth  of,  by  infiltration,  308. 

hsemangioma,  320. 

hfemangiosarcoma,  342. 

heteroplastic,  305. 

histoid,  303. 

homoeoplastic,  305. 

interstitial  expansive  growth  of,  306. 

leiomyoma,  327. 

lipofibroma,  315. 
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Tumors,  lipoma,  315. 

lipomyxoma,  314. 

lympiiaUenoma,  334. 

lymphangioma,  320,  324. 

lympbatie,  324. 

lymphosarcoma,  335,  338. 

malignaut,  311. 

medullary,  303. 

melanocareinoma,  366. 

melanosarcoma,  344. 

metastases  of.  306. 

mixed  forms,  348. 

mucous,  314. 

muscular,  327. 

myofibroma,  328. 

myoma,  327. 

myosarcoma,  330. 

myxochondroma,  314. 

myxofibroma,  314. 

myxolipoma,  314. 

myxoma,  314. 

myxosarcoma,  314,  347. 

uffiTus,  320. 

necrosis  of,  310. 

nervous.  330. 

neuroglioma  ganglionare,  331. 

neuroma,  332. 

number,  304. 

organoid,  304. 

osteochondroma,  317. 

osteoma,  317. 

papilloma,  312. 

psammoma,  345. 

recurrence  of,  311. 

retrogressive  changes  in,  310. 

rhabdomyoma,  329. 

sand,  345. 

sarcoma.  336. 

soirrhup.  363. 

secondary,  306. 

structure  of,  303. 

telangiectasia,  320. 

teratoid,  381. 

teratomata.  381,  426.  428,  429. 

the  type  of  heteroplastic  growth,  226. 

transplantation  of,  310. 

varieties  of.  312. 

vascular.  320. 
Twins.  homolc)gotis,  423. 
Tj'])hoid  fever,  baeillns  of.  467. 

Udoer.  inflammation  of.  caused  by  strep- 
tocooous,  4.5.'5. 


Ulcer,  atonic,  300. 

callous,  300. 

cancerous,  369. 

chronic,  300. 

formation  of,  277. 

indolent,  300. 

serpiginous,  300. 

eyphUitie,  495. 

tuberculous,  IBS. 
Umbilication  of  cancer,  369. 
Ureteritis  cystica,  probable  parasitic  ori- 
gin of,  570. 
Urethra,  atresia  of,  411. 
Uric-acid  deposits,  190. 

infarction  of  the  new-bom,  195. 

Vaccination,   an  example    of    acqoireH 

immunity,  82. 
Vacuoles  in  tissne'elements  in  inflamma- 
tion, 267. 
Variations,  hereditary,  Weismann's  theory 
of ,  100. 
in  the  germ  or  embryo,  98. 
Vascular  resistance,  increased,  107. 
Veins,  chalky  concretions  in  the,  124. 

pulsation  in  the,  cause  of,  105. 
Veratrine,  poisoning  by,  26- 
Verruca  earner,  326. 
Vesicles,  formation  of,  268,  270. 
Vibrio  MetsctmikoTi,  522. 
Vibrios,  431,  516. 
1  Viscera,  lateral  transposition  of,  415. 

j  Wabts,  fleshy,  326. 
I         ichthyotic,  222. 

Waxy  degeneration,  180. 

Weight  of  individuals,  average,  221. 
.         of  organs,  average,  221. 
I  Whipworm.  545. 
I  Wood-tick,  536. 

Worms,  parasitic,  539. 

Wound-diphtheria,  280. 

Wounds,  healing  of,  285. 

Xerosis  conjunctivee.  bacillus  of.  5t.'6. 
Xiphopagi,  423. 

YEAST-Fr>'Gi.  37,  523. 


Zona  dermatica,  398. 

epithelo-serosa,  398. 
Zoiiglcea,  432,  447. 
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THE  GENUINE  WORKS  OF  HIPPOCRATES.  Translated  from 
the  Greek,  with  a  Preliminary  Discourse  and  Annotations.  8vo,  766 
pages,  gilt  top,  extra  muslin,  $5.00. 


and     Diseases    of 


American    Journal    of    Obstetrics 
Women  and  Children. 

Issued  monthly.     Price,  $5.00  a  year. 

Amory,  Robert,  A.M.,  M.D., 

McniL-iT  I't  the  Miissachusi-U-H  Mwlk-nl  S.H:ii'iy  ;  Fellow  of  the  Anwrioan  Aomlftmy  of  Arts  and 
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Americu  ;  FcUow  vt  tbu  Aniehc-au  Actuleiiiy  of  Medicine. 

ELECTROLYSIS,  ITS  THEORETICAL  CONSIDERATION  AND 
ITS  THERAPEUTICAL  AND  SURGICAL  APPLICATIONS. 
Illustrated  by  nearly  one  hundred  fine  wood-engravings.  8vo,  315 
pages,  muslin^  $1.00. 

The  Anatomical  Remembrancer ; 

OR,  COMPLETE  POCKET  ANATOMIST;  containing  a  concise  de- 
scription of  the  bones,  ligaments,  muscles,  and  viscera;  the  distribution 
of  the  nerves,  blood-vessels,  and  absorbents;  the  arrangement  of  the 
several  fascia;;  and  the  organs  of  the  senses.  (Wood's  Pocket  Manuals.) 
tSmo,  297  pages,  muslin,  $1.00. 

Ball,  James  B.,  M.D.  (Lond,),  M.R.C.P. 

A  HAND-BOOK  OF  DISEASES  OF  THE  NOSE  AND  PHARYNX. 
Second  revised  edition.  One  volume  of  376  pages,  izmo,  illustrated, 
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ttMUtr  8urK«i:>n  to  the  Sew  York 


A  TREATISE    ON     ORTHOPEDIC    SURGERY, 
seven    hundred    and    eighty-nine    wood-engravings. 


Illustrated   with 
8vo,  790  pages, 


extra  muslin,  $6.00. 
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Barwell,  Richard,  F.R.C.S., 

6urge<>D  Charing-Crutw  H'wpital,  etc. 

A  TREATISK  ON  DISEASES  OF  THE  JOINTS.  Illustrated  by 
numerous  engravings  on  wood.     8vo,  478  pages,  muslin,  $1.00. 

Blandford,  Q.  P.,  M.O.  Oxon., 

On«  of  the  CutuiultlnK  PliyHiolAus  to  the  Insane  Asylunu  of  New  York  City  and  the  Hudson  SiTer 
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INSANITY  AND  ITS  TREATMENT.  Lectures  on  the  Treatment, 
Medical  and  Legal,  of  Insane  Patients.  Third  edition.  To  which  is 
added  Types  of  Insanity,  an  Illustrated  Guide  in  the  Physical  Diagnosis 
of  Mental  Disease,  by  .^li.an  McLane  Hamilton,  M.D.  Illustrate<! 
by  ten  plates  from  photographs  of  cases  selected  as  types,  with  descrip- 
tive text.     8vo,  389  pages,  muslin,  $1.00. 

Bramwell,  B. 

DISEASES  OF  THE  BRAIN  AND  SPINAL  CORD.  8vo,  31a 
pages,  muslin,  $1.00. 

Beard,  Geo.  M.,  A.M.,  M.D., 

Fetlow  i>(  the  New  York  Academy  t»f  Medk'ine  :  Member  of  the  American  AcadeniT  of  VedldDe: 
Meiutwr  of  the  American  Neun>lotrical  Asaociatioo.  t>f  the  New  York  Neurological  Sociec  j.  ecc: 
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Rockwell,  A.  D.,  A.M.,  M.D., 

Felk^wof  the  New  York  A^-ad<Hity  of  Medicine:  Member  of  the  American  Acadnby  of  XedksBe: 
Meuilvr  of  tht*  Amtrican  Neur\>lo«rioal  AssociatioD :  Elevtro-tberapentiKt  to  the  Tifnan'i 
llw|tital  of  ihe  State  of  New  York.  etc. 

A  PRACTICAL  TREATISE  ON  THE  MEDICAL  AND  SL'R- 
C.lCAl.  I  SKS  t>F  ELECTRICITY.  INCLUDING  LOCALIZED 
AND  CKNKRAI.  FARADIZATION:  LOCALIZED  AND  CEN- 
IRAl  C.ALVAMZATU^N:  ELECTROLYSIS  AND  GALVANC*- 
CAl  TKRY.  Eighth  edition.  Revised  by  A.  D.  Rockweiu  M.D. 
One  volume,  Svo.  S15  pages,  one  hundred  and  eighty-ainc  wood-cn- 
graviai;*.     Mus'.in.  §5.50;  leather,  $6.50. 
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C.  " -"I'-c  -i  R;'.iv.  r.s  w::r.  the  Cr-.tei  S:^:e>.  w::h  >pec:i!  nj:erez-:!f  ::■ 
He,i  •,-.   K;>.-r:<.  a.:  :r.e  pyjtectior.  o:   Public  Hejuih.     Stc,  595  F^i^es.* 


Belfield,  W.  T-,  M.D., 

".  '.>ivcs;kr;- ,  ■,  ■; x-aiT.  .  S'V-s&oas  ^..*  tbe Oaicw<x*»i  Ketnac.  'J«ttf«:k.  ^j*- 

DISEASES  OK  THE  LRIX.VRV  AND  MALE  SEXLAL  C'3;.v:-ANS. 
OcUTo^  ^S  paces;  ■mHiii,  $1.00. 


Benedlkt,  Moriz, 

I'nift?ss<)r  at  ^■iennH. 

ANATOMICAL  STUDIES  UPON  BRAINS  OF  CRIMINALS. 
A  CONTRIBUTION  TO  ANTHROPOLOGY.  MEDICINE, 
JURISPRUDENCE,  AND  PSYCHOLOGY.  Translated  from  the 
German  by  E.  P.  Flower,  M.D.,  New  York;  Department  of  transla- 
tion. New  York  Medico-Chirurgical  Society.  Illustrated  with  wood- 
cngrravings.     One  volume,  8vo,  185  pages,  muslin,  $150. 

Billln^on,  C.  E.,  M.D.,  and  0*Dwyer,  Joseph,  M.D, 

DIPHTHERIA,  ITS  NATURE  AND  TREATMENT,  and  Intubation 
and  Croup,  and  other  Acute  and  Chronic  Forms  of  Stenosis  of  the 
Larynx.     8vo.      (Revised  edition  in  Press.) 

Billroth,  Th.,  and  Qusserow,  A. 

DISEASES  OF  THE  FEMALE  BREAST.  NEW  GROWTHS  OF 
THE  UTERUS.     8vo,  426  pages,  muslin,  $1.50. 

Bodenhamer,  William,  M.D., 

Prrjfesaor  of  tht*  Dli^euM-^.  Injuries,  wid  BlAlfummtfumt  ot  th»  Rectum.  Anus,  mod  OeiUto>Urinanr 
Or^uis. 

TREATISE  ON  THE  liEMORRHOIDAL  DISEASE.  Giving  its 
History,  Nature,  Cause,  Pathology,  Diagnosis,  and  Treatment.  One 
volume,  8vo,  over  300  pages,  illustrated  by  two  chromo-iithographic 
plates  and  many  wood  cuts.     Muslin,  $3.00. 

PRACTICAL  OBSERVATIONS  ON  THE  .^.TIOLOGY,  PATH- 
OLOGY, DIAGNOSIS,  AND  TREATMENT  OF  ANAL  FIS- 
SURE,  Illustrated  by  numerous  cases  and  drawings.  One  volume, 
8vo,  199  pages,  muslin,  $2.25. 

THE  PHYSICAL  EXPLORATION  OF  THE  RECTUM.  With  an 
Appendix  on  the  J-igation  of  Hemorrhoidal  Tumors.  Illustrated  by 
numerous  drawings.     One  volume,  8vo,  54  pages,  muslin,  $1.25. 

AN  ESSAY  ON  RECTAL  MEDICATION.  One  volume.  8vo,  58 
pages,  illustrated,  muslin,  $1.00. 

Bosworth,  Franke  Huntins^ton,  M.D., 

Lwturer  on  W»gbsp«  of  the  Tlirtwt  In  tde  IVUipriu'  Hospital  M»MUcal  Collofre,  iu)4  PhnridaB  tn 
riuu-|re<jf  tUuCtiuiufor  Ulst^tuvHut  tliuTlin<atio  Uit-Out-lXHir  Itfpmrtment of  Belleviie  H<npltiU  ; 
Fdlow  <.»T  th<)  NvM-  Vnrk  Academy  of  Muticltii'.  of  the  AmnricttO  LaryogokiBlvkl  AMnvlatlon, 
and  Member  ot  the  Mtxlical  Society  of  the  I'ouuty  of  New  Vork, 

DISEASES  OF  THE  THROAT  AND  NOSE.  New  edition,  in  two 
volumes,  8vo.     Profusely  illustrated. 

Vol.  I. — Diseases  of  the  Nope  and  Naso-Pharvnx.  8vo,  670  pages, 
4  colored  plates  a.nd  182  woodcuts.     Extra  muslin,  $6.00. 

Vol.  II. — ^DiSEASES  OF  THE  Throat.  8vo,  832  pagcs,  3  colored  plates, 
and  125  woodcuts.     Extra  muslin,  $6.00. 

Subscription  EntrioN.  heavy  paper,  extra  bindings.  Muslin,  I5.00; 
leather,  $6.00  ;  half  morocco  I7.00. 


Bock*  C.  Em  M.D., 

Professor  at  Leipalc. 

ATLAS  OF  HUMAN  ANATOMY.  With  Explanatory  Text.  Con- 
taining thirty-eight  steel  plates,  most  of  them  hand-colored,  of  the 
bones,  muscles,  vessels,  and  nerves  of  the  human  body;  organs  of 
sense,  eye^  ear,  nose,  and  tongue;  respiratory  apparatus,  abdomiaal 
and  pelvic  viscera,  organization  of  foetus,  the  teetfi.  with  the  genito- 
urinary organs  of  the  male  and  female.  One  volume,  large  4to,  muslin. 
$15.00. 


Buck,  Albert  H.,  H.D. 


eireof  Phy 
.nnmiAry. 


CotutilUng  Aural  SurgeoD.  Kew  York  Eyu  ontl  £ar  Ini 

A  MANUAL  OF  DISEASES  OF  THE  EAR,  for  the  use  of  StudenU 
and  Practitioners  of  Medicine.  (American  Series  of  Medical  Text- 
Bouks.)  Second  Edition.  468  pages,  117  illustrations,  extra  masUa, 
$2.50, 


DIAGNOSIS  AND  TREATMENT 

8vo,  418  pages^  muslin,  $1.00. 


OF  DISEASES  OF  THE   EAR. 


A  TREATISE  ON  HYGIENE  AND  PUBLIC  HEALTH,  By 
various  authors.  Edited  by  Albert  H.  Buck,  M.D.  In  two  volumes, 
royal  8vo,  702  and  657  pages.  Illustrated  by  numerous  wood-engrav- 
ings. Price,  per  volume,  in  muslin  binding,  $5.00;  in  leather.  $6.00; 
and  in  morocco,  $7  50. 


BIyth,  A.  W„  n.R.C.S., 


POISONS,  THEIR  EFFECTS  AND  DETECTION.  A  manual  for 
the  use  of  analytical  chemists  and  experts.  With  an  introductory 
essay  on  the  Growth  of  Modern  Toxicology.  Volume  I.,  with  tables 
and  illustrations.  Volume  11.,  with  tables  and  illustrations.  2  vols., 
8vo,  699  pages,  muslin,  $2.00  per  set. 


Busey,  S.  C. 


CONGENITAL    OCCLUSION    AND    DILATATION    OF    LYMPH 
CHANNELS.     8vo,  202  pages,  muslin,  $2.00. 

Carnochan,  J.  fl. 

A  TREATISE      OF      THE      ETIOLOGY,      PATHOLOGY,  AND 

TREATMENT    OF   CONGENITAL    DISLOCATIONS    OF  THE 

H E A D    O F    FEM  U R.      lUu strated    by    lithographic    plates.  One 
volume,  8vo,  235  pages,  muslin,  $2.00. 


Carpenter,  Wesley  H.,  H.D., 

Awlidjuit  PttUialctrlNt  to  H^lli^vu^  HoKpiuil :  IiLHtructor  Id  the  Fatboto^rlOftl  LttborkUirjr  ot  cbe 
University  of  tho  City  of  New  York;  SwrPtarr  of  the  MMlcml  Soctocy  of  th«  County  of  X«v 
Yurk  ;  Swretary  of  the  New  York  Pftth«lo(rfciU  Society,  etc. 

AN  INDEX  OF  THE  PRACTICE  OF  MEDICINE,  i2mo,  leather, 
A  new  revised  edition  in  press. 
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Carpenter,  Wm.  B.,  C.B.,  n.D.,  LL.D. 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  8vo.  Vol.  I., 
388  pages;  Vol.  II.,  354  pages.  One  colored,  twenty-six  plain  plates, 
and  five  hundred  and  two  wood -engravings.  Two  volumes  in  one. 
Muslin,  $4.00. 

Charpentier,  A. 

OBSTETRICS.  Four  8vo  volumes.  Vol.  I.,  509  pages;  Vol.  IL,  381 
pages;  Vol.  III.,  348  pages;  Vol.  IV.,  404  pages.  Engravings  and 
plates,  muslin,  $6.00. 

Clarke,  W.  Falrlle,  fl.A.  and  M.B.  Oxon.,  F.R.C.S., 

AjBslstant  Sui^^eon  to  Charing  Cross  Hospital. 

A  MANUAL  OF  SURGERY.  A  new  edition,  thoroughly  revised, 
with  important  additions  by  an  American  surgeon.  Nearly  two  hun- 
dred illustrations.     8vo,  over  300  pages,  muslin,  $1.00. 

Charcot,  J.  fl.,  n.D., 

Professor  in  Faculty  of  Medicine  of  Paris ;  Physician  to  the  SalpMrldre :  Member  of  the  Academy 
of  Medicine,  of  the  Clinical  Society  of  London,  of  the  Clinical  Society  of  Budapest,  of  the 
Society  of  Natural  Sciences,  Brusseb ;  President  of  the  Anatomical  Society,  etc.,  etc. 

THE  DISEASES  OF  OLD  AGE.  Translated  by  L.  Harrison  Hunt. 
M.D.,  with  numerous  additions  by  A,  L.  Loomis,  M.D.,  etc,  8vo,  295 
pages,  muslin,  $1.00. 

Code  of  Medical  Ethics 

ADOPTED  BY  THE  AMERICAN  MEDICAL  ASSOCIATION. 
Revised  to  date.     One  volume,  32mo,  39  pages,  muslin,  40c. 

Comstoclc,  J.  Cm  and  Comings,  N.,  M.D. 

PRINCIPLES  OF  PHYSIOLOGY:  Designed  for  the  Use  of  Schools, 
Academies,  Colleges,  and  the  General  Reader.  Comprising  a  Familiar 
Explanation  of  the  Structure  and  Functions  of  the  Organs  of  Man. 
Illustrated  by  comparative  references  to  those  of  the  inferior  animals. 
Also  an  essay  on  the  Preservation  of  Health.  With  fourteen  quarto 
plates  and  over  eighty  engravings  on  wood,  making  in  all  nearly  two 
hundred  figures.     One  volume,  4to,  no  pages,  muslin,  $2.25. 

Corson,  John  W.,  M.D., 

Late  Physician  to  the  class  of  "■  Diseases  of  the  Chest  and  Throat '"  in  the  New  York  and  Eastern 
Dispensaries ;  formerly  Physician  to  the  Brooklyn  City  Hospital ;  Physician  to  the  Orange 
Memorial  Hospital,  etc. 

ON  THE  TREATMENT  OF  PLEURISY.  With  an  Appendix  of 
Cases,  showing  the  Value  of  Combinations  of  Croton  Oil,  Ether,  and 
Iodine,as  Counter-irritants  in  other  Diseases.   i6mo,  31  pages,  muslin,  50c. 

Chrobak,  C,  and  Qrandin,  E.  H. 

EXAMINATIONS  OF  THE  FEMALE  GENITALS.  8vo, 395  pages, 
illustrated,  muslin,  $1.50. 
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Coulson,  W.  J.,  F.R.C.S. 

ON    THE    DISEASES    OF    THE    BLADDER    AND    PROSTATE 
•  GLAND.    Sixth  edition,  revised.     8vo,  393  pages,  illustrated,  muslin, 
$1.00. 

Curtis,  Edward,  A.M.,  M.D. 

MANUAL  OF  GENERAL  MEDICINAL  TECHNOLOGY,  INCLUD- 
ING  PRESCRIPTION  WRITING.  Third  edition,  revised  ij) accord- 
ance with  the  U.  S,  P.  for  1890.  One  volume,  32mo,  243  pages,  muslin, 
$1.00.     (Wood's  Pocket  Manuals.) 

Dana,  Charles  L.,  A.iVl.,  M.D., 

Professor  of  Kervous  and  Uental  Diseases  in  the  New  York  Post-Oraduate  Medical  School,  and  in 
Dartmouth  Medical  College ;  Vistttug  Fhyslcfan  to  Bellevue  Hospital,  etc. 

TEXT-BOOK  OF  NERVOUS  DISEASES.  Being  a  Compendium  for 
the  Use  of  Students  and  Practitioners  of  Medicine.  Third  edition. 
^yo,  549  pages,  210  illustrations,  $3.25. 

Delafield,  Francis,  M.D., 

Professor  of  Pathology  and  Practical  Medicine,  College  of  Physicians  and  Surgeons,  New  York. 

STUDIES  IN  PATHOLOGICAL  ANATOMY.  Volume  I.,  treating 
of  the  following  subjects :  Phthisis,  Peritonitis,  Pleurisy,  Pneumonia, 
Empyema,  Hydrothorax,  Bronchitis,  and  Tuberculosis.  Illustrated 
with  ninety-three  full-page  and  double-page  plates  made  by  the  follow- 
ing processes :  Wood-engravings  of  Original  Drawings  on  the  Block, 
Etchings  on  Copper,  Lithographs  from  Original  Drawings  on  the  Stone, 
and  Photographs  of  Specimens.  Royal  8vo,  bound  in  half  morocco, 
gilt  top,  plates  hinged  on  linen  guards,  $20.00, 

Volume  n.:  Broncho-Pneumonia,  Chronic  Phthisis,  Lobar  Pneumonia, 
Acute  Bright's  Disease,  Chronic  Bright's  Disease.  Illustrated  with  one 
hundred  and  thirty-three  full  and  double-page  plates  hinged  on  linen 
guards,  similar  to  those  of  Vol.  I.  Royal  8vo,  bound  in  half  morocco, 
gilt  top,  $20.00. 


and 


Stillman,  Charles  F.,  M.D. 

A  MANUAL  OF  PHYSICAL  DIAGNOSIS.  Illustrated  with  super- 
imposed and  transparent  lithographed  plates.  One  volume,  4to,  30 
pages,  muslin,  $2.00. 


and 


Prudden,  T.  Hitchell,  H.D., 

Professor  of  PatholoK>'  and  Director  of  the  Laboratories  of  Histology,  Pat  hology,  and  Bacteriology, 
College  of  Physicians  and  Burgeons,  Columbia  College,  New  York. 

HANDBOOK.  OF  PATHOLOGICAL  ANATOMY  AND  HISTOL- 
OGY. With  an  Introductory  Section  on  Post-Mortem  Examinations 
and  the  Methods  of  Preserving  and  Examining  Diseased  Tissues.  Illus- 
trated by  300  wood-engravings  printed  in  black  and  colors.  8vo,  733 
pages,  muslin,  $6.00  ;  sheep,  $7.00. 
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Dickinson,  W.  Howship,  fl.D.  Cantab., 

Fellow  of  the  Royal  CoUefre  of  Phsralcions ;  Physician  to  St.  OeorKe's  Hospital ;  Seaior  Physldaa  to 
the  Hospital  for  Sick  Children ;  Corresponding  Member  of  the  Academy  of  Medicine  of  New 
York. 

ON  RENAL  AND  URINARY  AFFECTIONS.  Wood's  Library  for 
1881  is  the  first  part.     8vo,  353  pages,  muslin,  $1.00. 

Diday,  Paul. 

ON  SYPHILIS  IN  INFANTS.  Translated  by  Dr.  G.  Whitley. 
With  Notes  and  Additions  by  F.  R.  Sturgis,  M.D.  With  a  colored 
plate.     8vo,  322  pages,  muslin,  $1.00. 

Donkin,  H.  Bryan,  fl.D.  Oxon.,  F.R.C.P., 

Physician  to  the  Westminster  Hospital  and  to  the  East  London  Hospital  for  Children  at  Shadwell; 
Joint  Lecturer  on  Medicine  and  Clinical  Medlclae  at  Westmiiuter  Hospital  Medical  School. 

THE  DISEASES  OF  CHILDHOOD  (MEDICAL).  8vo,  450  pages, 
muslin,  $4.00. 

Dujardin-Beaumetz, 

Physician  to  the  Cochin  Hospital ;  Member  of  the  Academy  of  Medidne,  and  of  the  Council  of 
Hygiene  and  Salubrity  of  the  Seine ;  Editor  of  the  Bulletin  Gidndrai  de  Th^rapeutlque,  etc. 

DISEASES  OF  THE  STOMACH  AND  INTESTINES.  CONSID- 
ERED ESPECIALLY  WITH  REFERENCE  TO  CLINICAL 
THERAPEUTICS.  Lectures  in  Practical  Medicine,  delivered  in  the 
St.  Antoine  Hospital,  Paris,  France.  Translated  by  E.  P.  Hurd,  M.D. 
With  illustrations,  and  one  plate  in  chromo- lithography.  8vo,  muslin, 
$1.00. 

Dwight,  Thomas,  A.fl.,  fl.D., 

Instructor  in  Topographical  Anatomy  and  Histology  in  Harvard  University ;  Fellow  of  the 
American  Academy  of  Arte  and  Sciences ;  Surgeonat  Carney  Hospital. 

FROZEN  SECTIONS  OF  A  CHILD.  Fifteen  full-page  lithographic 
plates,  drawings  from  nature  by  H.  P  Quincy,  M.D.  One  volume, 
royal  8vo,  66  pages,  muslin,  $3.00. 

Ellis,  Edward,  fl.D. 

A  PRACTICAL  MANUAL  OF  THE  DISEASES  OF  CHILDREN, 
with  a  Formulary.     Third  edition.      8vo,  225  pages,   muslin,  $1.00. 

Ellis,  George  Viner,  fl.D., 

professor  of  Anatomy  In  University  College,  Loudon  ;  and 

Ford,  Q.  H.,  Esq. 

ILLUSTRATIONS  OF  DISSECTIONS.  In  a  series  of  original  colored 
plates,  representing  the  dissections  of  the  human  body,  with  descriptive 
letter-press.  The  drawings  are  from  nature  by  Mr.  Ford,  from  direc- 
tions by  Prof.  Ellis.  Containing  fifty-six  full-page  chromo-lithographic 
plates.     Two  volumes  in  one,  8vo,  459  pages,  muslin,  $4.00. 


Eichhorst,  Hermann,  M.D., 


Pruf  oiaor  ut  Spi:!cuil  Patholijf^  and  Therxpeut  los  aod  Director  of  Uie  UnlTerrity  ****>**^'  CUafc  !■ 
Zurich. 

HANDBOOK  OF  PRACTICAL  MEDICINE,  IN  FOUR  VOLUMES. 

Volume  1. — Diseases  os  the  Circulatory  and  Respiratory  Appa- 
ratus. Illustrated  by  one  hundred  and  three  fine  wood -engravings. 
413  pages. 

Volume  11. — Diseases  of  Digestive,  Urisarv,  and  Generative 
Organs.  Illustrated  by  one  hundred  and  six  fine  wood-engravings- 
333  pages. 

Volume  III. — Diseases  op  the  Nerves,  Muscles,  and  Skin.  Hlus- 
traied  by  one  hundred  and  fifty-seven  fine  wood-engravings.     416  pages. 

Volume  IV.— Diseases  of  Blood,  Nutrition,  and  Infectious  Dis- 
eases. Illustrated  by  seventy-four  fine  wood-engravings.  295  pages, 
four  volumes,  8vo,  rauslia,  $4.00. 

Erichsen,  John  Eric,  F.R.S., 
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Emehcuii  Professor  of  Cltnical  Surnrr  In  UnlTerrflx 
tuixeoa  totlwIItMipttAl:  Ex-Pnutdeatof  t'     " 
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ON  CONCUSSION  OK  THE  SPINE.  NERVOUS  SHOCK,  AND 
OTHER  OBSCURE  INJURIES  OF  THE  NERVOUS  SYSTEM 
IN  THEIR  CLINICAL  AND  MEDICO-LEGAL  ASPECTS.    8vo, 

163  pages,  muslin,  $1-25. 

Ewart,  William, 

Pliyelc-Liui  tu  8t  Gojrre'A  Uoiipiul.  and  to  the  Belgrare  HomiMl  for  Cblldren ;  tonattty  andMaaft 
Physician  and  PttthologlHt  to  tbo  Bromptoo  Ho^ttal  for  OoosumpUoo.  vCC,  «C«. 

THE  PULSE  SENSATIONS:  A  STUDY  IN  TACTILE  SPHYG- 
MOLOGY.     8vo,  510  pages,  profusely  illustrated,  muslin,  $4.00. 


Erb,  Dr.  Wilhelm, 

ProfeMMT  In  the  t'Qif  erdty  of  L«ip»lc. 

HANDBOOK    OF    ELECTRO-THERAPEUTICS, 
wood-engravings.    8vo,  377  pages,  muslin,  $1.00. 


Illustrated  by  39 


Fraenkel,  Carl,  M.D., 

Profe^snr  iif  ITy^KDn.  UnirGrxiLy  of  Kniuff)itM>rK  :  Pmfoasorof  PaUidofCT  and  Bactarlolocr,  Meitt* 
oal  l>«>partineac  of  the  UnlverBlty  of  \  enitODt ;  DemocwCrator  of  Patholoi^  and  Baet«notaKT. 
New  York  Poxt^OraduAte  MediaU  Schonl  aad  Hot^taL  etc. 

A  TEXT-BOOK  OF  BACTERIOLOGY.  Third  edition.  TransUtcd 
and  edited  by  J.  H.  Linslev,  M.D.     8vo,  380  pages,  muslin.  $3.75. 


Freiichs,  Dr.  Fried.  Theod. 

A  CLINICAL  TRE.VnSE  ON  DISEASES  OF  THE  LIVER. 
Translated  by  Charles  Murchison,  M.D.  In  three  volumes,  8va 
Illustrated  by  a  full-page  plate  and  numerous  wood-engravings.    Muslin, 
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Frey,  Heinrich, 

Frofeesor  of  Medicine  in  the  University  of  Zurich ;  SurKeon  New  York  Eye  and  Ear  Inflrmary; 
Ophthalmic  and  Aural  Surgeon  to  the  St.  Catheruw  and  WilliamBhurg  Hoepitals,  etc..  etc 

THE  MICROSCOPE  AND  MICROSCOPICAL  TECHNOLOGY. 
A  Text-book  for  Physicians  and  Students.  Translated  and  edited  by 
Geo.  R.  Cutter,  M.D.  Illustrated  by  three  hundred  and  eighty-eight 
engravings  on  wood.     8vo,  660  pages,  muslin,  $6.00;  colored  leather, 

$7.00. 

Finger,   Ernest,  fl.D., 

Dooent  at  the  University  of  Vienna. 

GONORRHCEA:  being  the  translation  of  "  Blennorrhcea  of  the  Sexual 
Organs  and  its  Complications."  With  seven  full-page  plates  in  colors 
and  thirty-six  wood  engravings  in  the  text.  Third  revised  edition,  8vo, 
330  pages,  muslin,  $3.00. 

Fritsch,  H. 

THE  DISEASES  OF  WOMEN.     8vo,  361  pages,  muslin,  $1.00. 

Pothergill,  J.  Milner,  M.D.  Edin. 

A  MANUAL  OF  DIETETICS.     263  pages,  muslin,  $2.50. 

Fowler,  E.  P.,  M.D. 

SUPPRESSION  OF  URINE.  Clinical  Descriptions  and  Analysis  of 
Symptoms.     86  pages,  illustrated,  muslin,  $1.50. 

Fliickiger,  A.,  Ph.D.,  M.D., 

Profeesor  In  the  University  of  Strasshurg ;  and 

Tschirch,  Alex.,  Ph.D., 

Lecturer  on  Botany  and  PhannaooKuosy  in  the  University  of  Berlin  ;  TYofeasor  of  Materia  Uedica 
and  Pharmacy  in  the  University  of  WiticonsiD. 

THE  PRINCIPLES  OF  PHARMACOGNOSY.  An  Introduction  to 
the  Study  of  the  Crude  Substances  of  the  Vegetable  Kingdom.  Trans- 
lated from  the  second  and  completely  revised  German  edition  by 
Frederick  B.  Power,  Ph.D.  8vo,  310  pages,  one  hundred  and 
eiglity-six  illustrations,  muslin,  $3.00. 

Orandin,  Egbert  H.,  M.D., 

Cbalnnan  Section  on  Obstetrics  and  Oynecology,  New  York  Academy  of  Medicine ;  Obstetrto 
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Gunning,  Josephus  H.,  M.D., 


iDBtructor  in   Electro-Therapeutics,  New  York   Post-Graduate  Medical  School  and   Hospital; 
QyneoologlBttoRiTerTiewRest  for  Women  ;  Electro-Oynecologist,Nortbea8tem  Dispensary,  etc 

PRACTICAL  TREATISE  OK  ELECTRICITY  IN  GYNECOLOGY. 
Illustrated.     8vo,  180  pages,  $2.00. 
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Qerman  Dispensary ;  Fellow  of  the  American  Oynecolc^cal  Society ;  Fellow  of  the  New  Torfc 
Obstetrical  Society,  etc. 

DIAGNOSIS  OF  OVARIAN  CYSTS  BY  MEANS  OF  THE  EX- 
AMINATION OF  THEIR  CONTENTS.  8vo,  112  pages,  illus- 
trated, muslin,  $1.25. 

Cowers,  W.  R.,  M.D., 

Assistant  PnifesBor  of  Clinical  Medicine  in  University  College;  Senior  Assistant  Phrsiciaii  to 
University  College  Hospital ;  Physician  to  the  National  Hospital  for  the  Paralyied  and  Epileptic 

EPILEPSY  AND  OTHER  CHRONIC  CONVULSIVE  DISEASES. 
Their  Causes,  Symptoms,  and  Treatment.  8vo,  366  pages,  muslin, 
$1.00. 

DIAGNOSIS  OF  THE  DISEASES  OF  THE  BRAIN  AND  SPINAL 
CORD.     8vo,  301  pages,  muslin,  $1.00. 

•Quttman,  Dr.  Paul, 

PrlTat>I>ocent  In  Medicine,  University  of  Berlin ;  Fellow  of  Faculty  of  Physicians  and  SurgMiis, 

Ulasgow. 

A  HANDBOOK  OF  PHYSICAL  DIAGNOSIS:  COMPRISING 
THE  THROAT,  THORAX,  AND  ABDOMEN.  Translated  from 
the  Third  German  Edition  by  Alex.  Napier,  M.D.,  with  a  colored 
plate  and  numerous  illustrations.      8vo,  354  pages,  muslin,  $1.00, 

Hamilton,  Frank  Hastings,  A.M.,  M.D.,  LL.Dm 

Professor  of  the  Practice  of  Surgery,  with  Operations,  and  of  Clinical  Sui^ery.  In  Bellevue  Hospital 
Medical  College;  Visiting  Surgeon  to  Bellevue  Hospital:  Consulting  Surgeon  to  Bureau  of 
Surgical  and  Medical  Relief  for  the  f>ut-Door  Poor,  at  Bellevue  Hospital :  to  the  Central 
Dispensary :  and  to  the  Hospital  for  the  Rupture<l  and  Crippled ;  Fellow  of  the  New  Yt>rk 
Academy  of  Medicine,  etc. 

THE  PRINCIPLES  AND  PRACTICE  OF  SURGERY.  Illustrated 
with  four  hundred  and  sixty-seven  engravings  on  wood.  Roya!  8vo, 
954  pages.     In  muslin,  $5.50;  or  in  leather,  $6.50. 

Hart,  D.  Berry,  M.D., 

Lecturer  of  Midwifery  and  Diseases  of  Women,  Sc'.nxl  "f  Medicli.j,  Edinburgh,  etc..  etc:  and 

Barbour,  A.  H.,  M.D., 

Assistant  to  the  Professor  of  Midwifery,  University  of  Edinburgh, 

MANUAL  OF    GYNECOLOGY. 

Voiume  I.     331  pages.     Illustrated  with  eight  plates,  two  of  which  are  in 

colors,  and  one  hundred  and  ninety-two  fine  wood-engravings. 
Volume  II.     379  pages.      Illustrated  with  a  lithographic  plate  and  two 

hundred  and  nine  fine  wood-engravings.     2  vols.,  8vo,  muslin,  $2.00. 

Hegar,  A.,  and  Kaltenbach,  R. 

A  HANDBOOK  OF  GENERAL  AND  OPERATIVE  GYNECOL 
UGY.  Vol.  I.,  352  pages,  and  illustrated  ;  Vol.  IL,  354  pages,  illus- 
trated.    8vo,  muslin,  $1.50. 
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Henoch,  Dr.  Edward, 

Director  of  the  Clinic  and  Polyclinic  for  Diseaues  of  Children  in  the  Royal  Charity  Hospital,  and 
Professor  in  the  Berlin  University. 

LECTURES  ON  DISEASES  OF  CHILDREN.  A  Handbook  for 
Physicians  and  Students.  Translated  from  the  German.  Svu,  muslin, 
$i.oo. 

Herman,  Q.  Ernest,  il.B.  Lond.,  F.R.C.P., 

Senior  Obstetric  Physician  to  the  I^ndon  Hospital;  PhyHidan  to  the  General  LylDK-in  Hospital : 
President  of  the  Obstetrical  Society'  of  London  :  Kxaminer  In  Midwifery  to  the  Royal  College  of 
Surgeons ;  Late  Physician  to  the  Royal  Maternity  Charity. 

DIFFICULT  LABOR:  A  Guide  to  its  Management  for  Students  and 
Practitioners.  460  pages,  demi-octavo,  including  complete  index,  mus- 
lin, $2.25. 

Holden,  Luther,  n.D., 

Ex-President  and  Member  of  the  Court  of  Examiners  of  the  Royal  Collie  of  Surgeons  of  England ; 
CooHutttng  Surgeon  tc»  Saint  Bartholomew's  and  the  Foundling  Hospitals ;  assisted  by 

Shuter,  James,  P.R.CS.,  fl^A.,  n.B.,  Cantab., 

Assistant  Surgeon  to  the  Royal  Free  Hospital ;  late  Demonstrator  of  Physiology,  and  Assistant 
Demonstrator  of  Anatomy,  at  Saint  Bartholomew'H  Hospital. 

HUMAN  OSTEOLOGY.  Comprising  a  Description  of  the  Bones,  with 
Delineations  of  the  Attachments  of  the  Muscles,  the  General  and  Micro- 
scopic Structure  of  Bone  and  its  Development.  Sixth  edition.  With 
sixty-six  full-page  lithographic  plates,  and  eighty-nine  wood -engravings. 
8vo,  285  pages,  muslin,  $1.00. 

Hudson,  E.  D-,  Jr.,  A-fl.,  fl.D., 

Professorof  General  Medicine  and  Diseases  of  the  Chest  in  the  New  York  Polyclinic ;  Physician  to- 
Bellevue  Hospital,  etc. 

A  MANUAL  OF  THE  PHYSICAL  DIAGNOSIS  OF  THORACIC 
DISEASES.     162  pages,  profusely  illustrated.     8vo,  muslin,  $1.50. 

Hutchinson,  Jonathan,  F.R.S., 

THE  PEDIGREE  OF  DISEASE.  Being  Six  Leciur-;  on  Tempera- 
ment, Idiosyncrasy^  and  Diathesis.     Muslin,  $1.25. 

Ingals,  E.  Fletcher,  A.M.,  M.D., 

Professor  of  Laryngology  and  Practice  of  Medicine.  Rush  Medical  College ;  Prof  essor  of  Diseases  of 
Throat  and  Chest,  Northwestern  University  Wonien'n  Medical  School;  Professor  of  Laryngology 
and  Khlnology,  Chicago  Polyclinic,  etc. 

LECTURES  ON  THE  DIAGNOSIS  AND  TREATMENT  OF  DIS- 
EASES OF  THE  CHEST.  THROAT,  AND  NASAL  CAVITIES. 
Including  Physical  Diagnosis  and  Diseases  of  the  Lungs,  Heart,  and 
Aorta;  Laryngology  and  Diseases  of  the  Pharynx,  Larynx,  Nose,  Thy- 
roid Gland,  and  (Esophagus.  Third  edition,  revised  and  enlarged. 
8vo,  708  pages,  240  illustrations,  including  colored  plate  of  stained 
tubercle  bacilli.     Muslin,  $5.00. 
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James,  Prosser. 

THK    THERAPKUTICS    OF 
8vo,  316  pages,  muslin,  $1.00. 


THE    RESPIRATOPV  PASSAGES. 


Johnson,  Laurence,  A.M.,  M.D., 


Lecturer  ou  MisiU-ui  h'Haay.  Medical  Dfpartmfnt  of  the  University  uf  tlte  City  «r  S»w  York; 
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MEDICAL  BOTANY:  A  Treatise  on  Plants  used  in  Medicine.  IIIus- 
trated  by  nine  beautifully  colored  plates  and  very  numerous  fine  wood- 
engravings.     8vo,  muslin,  $1.00. 

A  MEDICAL  FORMULARY.  Based  on  the  United  Sutes  and  British 
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cinal  Preparations.     Svo,  409  pages,  muslin,  $1.00. 
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PATHOLOGY     AND    TREATMENT     OF    DISEASES    OK    THE 
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man  edition.  Svo,  684  pages,  84  illustrations,  and  a  colored  olate.  mus- 
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Keetley,  C.  B.,  F.R.C.S., 

Senior  Burffeoo  to  tbe  West  London  HooplUd  ;  Surgeou  to  the  Surgical  Alt!  Society. 

AN  INDEX  OF  SURGERY.  Being  a  Concise  Classification  of  the 
Main  Facts  and  Theories  of  Surgery,  for  the  Use  of  Senior  Students 
and  others.     One  volume,  Svo,  320  pages^  musltn,  $2.00. 


Kelsey,  Charles  D.,  M.D., 


Bureeon  to  8t.  Pftul's  Inllnnarv  for  Diaewwi  of  tlu>  Rectum :  CVvuiultlu  aurgwui  for  Dlatmmmtd 
the  Rectum  tu  the  Harlem  uoitpltal  snd  XNspemmry  for  Women  and  Chltdren,  etc  etc. 

THE  PATHOLOGY,  DIAGNOSIS,  AND  TREATMENT  OF  DIS- 
EASES OF  THE  RECTUM  AND  ANUS.  Fourth  revised  edition. 
One  volume,  Svo,  504  pages,  illustrated  by  two  chromo-lithographic 

plates  and  many  wood-engravings.     Muslin,  $4.00. 

Keyes.  E.  L.,  A.fl.,   H.D., 

Adjunct  PmftivVQr of  BurKur)-.  and  Profe^^r  of  DennOolOIT  In  Bellerue  HaniUl  Meilioiacv* 

CoEiHultlDg  Surgeon  to  tbe  tliartty  HwipltAl;  SurgeoD  toBeUevtii>  Hospital,  ec«. 

VENEREAL  DISEASES.     Svo,  361  pages,  $1.00. 


Kirby,  F.  O.,  M.D., 

A  TREATISE  ON  VETERINARY  MEDICINE.  As  Applied  to  the 
Diseases  and  Injuries  of  the  Horse.  Compiled  from  Standard  and 
Modern  Authorities.  One  volume,  332  pages,  illustrated  by  four  chromo- 
lithographic  plates,  containing  numerous  figures,  and  one  hundred  and 
sixty-eight  fine  wood-cngravings.  muslin,  $1.00. 
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Kirchhoff,  Dr.  Theodore, 

Physician  to  the  Schleswig  Insane  Asylum  wid  Privatdocent  at  the  University  of  Kiel. 

HANDBOOK  OF  INSANITY  FOR  PRACTITIONERS  AND  STU- 
DENTS. Illustrated  with  eleven  plates,  8vo,  362  pages.  Muslin, 
$2.75  ;  flexible  leather,  gilt  top,  $3.50. 

Kirke's  Handbook  of  Physiology. 

HANDBOOK  OF  PHYSIOLOGY.  By  W.  Morrant  Barer,  F.R.C.S., 
Surgeon  to  St.  Bartholomew's  Hospital  and  Consulting  Surgeon  to 
the  Evelina  Hospital  for  Sick  Children;  Lecturer  on  Physiology  at  St 
Bartholomew's  Hospital,  and  late  Member  of  the  Board  of  Examiners 
of  the  Royal  College  of  Surgeons  of  England,  and  Vincent  Dor- 
mer Harris,  M.D.  Lond.,  Demonstrator  of  Physiology  at  St.  Barthol- 
omew's Hospital.  Thirteenth  revised  edition.  In  one  volume,  with  a 
colored  plate  and  Ave  hundred  and  sixteen  illustrations,  muslin,  $4.00; 
leather,  $5.00. 

Knies,  Max,  M.D., 

Profettsor  Extraordinary  at  the  Unireralty  of  FrelburK. 

THE  EYE  AND  ITS  DISEASES,  IN  RELATION  TO  THE  DIS- 
EASES OF  OTHER  ORGANS.  Translated  and  edited  by  H.  D. 
NovES,  M.D.     8vo,  470  pages,  illustrated,  muslin,  $4.25. 

Kocher,  Th.,  n.D., 

Professor  at  the  University  and  Director  of  the  Surgical  Cllntc  at  the  Berne  Uniyerstty. 

OPERATIVE  SURGERY.  8yo,  288  pages,  163  illustrations,  muslin, 
$3.00. 

Ling,  P.  He. 

SYSTEM  OF  MANUAL  TREATMENT  AS  APPLICABLE  TO 
SURGERY  AND  MEDICINE.  By  Arvid  Kellgren,  M.D.  Edin. 
8vo,  151  pages,  with  79  illustrations,  muslin,  $1.25. 
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Lecturer  on  Dermatology  to  the  Middlesex  Hospital  Medical  St-hool ;  lately  Physician  to  the 
Middlesex  Hospital;  Author  of  "Notes  on  the  Treatment  of  Skin  Diseases,"  ''Elepfaantlasla 
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A  HANDBOOK  ON  THE  DIAGNOSIS  OF  SKIN  DISEASES. 
One  volume,  8vo,  266  pages,  muslin,  $1.50. 

NOTES  ON  THE  TREATMENT  OF  SKIN  DISEASES.  One 
volume,  i6mo,  127  pages,  muslin,  $1.00. 

Longstreth,  Morris,  M.D.,  etc. 

RHEUMATISM,  GOUT,  AND  SOME  OF  THE  ALLIED  DIS- 
EASES.     8vo,  287  pages,  muslin,  $1.00. 
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A  TEXT-BOOK  OF  PRACTICAL  MEDICINE.  One  handsome  8va 
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Eighth  edition.    In  cloth,  $6.00;  leather,  $7.00.    (Ninth  edition  in  press.) 

LESSONS  IN  PHYSICAL  DIAGNOSIS.  Tenth  revised  edition.  One 
volume,  8vo,  290  pages,  illustrated,  muslin,  $3.00. 

Lyman,  Henry  M.,  A.n.,  iVl.DM 

Professor  of  PhyKiology  and  Nervous  Diseases  in  Rush  Medical  OoU^e,  and  Prafenor  of  Ttuborr 
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ARTIFICIAL  ANAESTHESIA  AND  ANESTHETICS.     8vo,  muslin, 
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Macfarlane,  A.  W.,  M.D., 

Fellow  of  the  Royal  Collefre  of  Physicians.  EdinbutiKh  ;  Fellow  of  the  Royal  Medical  and  Chirurgtcal 
Society  of  Ix>ndon  ;  Examiner  in  Medical  Jurisprudence  In  the  UniTerslty  of  Olasgow.  eCc. 

INSOMNIA  AND  ITS  THERAPEUTICS.  8vo,  302  pages,  musUn, 
$1.75. 

Mackenzie,  iloreU,  M.D.,  London. 

A  MANUAL  OF  DISEASES  OF  THROAT  AND  NOSE,  IN- 
CLUDING THE  PHARYNX,  LARYNX,  TRACHEA,  CESOPH- 
AGUS,  NOSE.    AND   NASO-PHARYNX.      Two  volumes    in    one, 

8vo,  840  pages,  muslin,  $4.00. 

Maclagan,  F.  J.,  M.D. 

RHEUMATISM.  ITS  PATHOLOGY  AND  ITS  SUCCESSFUL 
TREATMENT.     8vo,  283  pages,  muslin,  $1.00. 

Matthieu,  A., 

Physiiriau  tn  th»'  Paris  Hospitals. 

TREATMENT  OF  THE  DISEASES  OF  THE  STOMACH  AND 
INTESTINES.     8vo,    285    pages,  muslin,  $2.50;  flexible   leather,  gilt 

top,  round  corners,  $3.25. 

May,  Charles  H.,  M.D., 

Instructor  in  Ophthftlinnlinry,  New  York  Polyclinic  :  and 

Mason,  Charles  F.,  M.D., 

Late  Assistant  Surj;«tin,  U.S.A. 

AN  INDKX  OF  MATKRLV  MEDICA.  With  Prescription  Writing. 
including   Practical   E.xercises.    32mo,  muslin,  $1.00.     (Wood's  Pocket 

Manuals.) 
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Mauthner,  Ludwig, 

Royal  Professor  of  the  University  of  Vienna. 

THE  SYMPATHETIC  DISEASES  OF  THE  EYE.  Translated 
from  the  German  by  Warren  Webster,  M.D.,  James  A.  Spaulding, 
M.D.     i2mo,  220  pages,  muslin,  $2.00. 

McQillicudddy,  T.  J.,  M.D. 

TREATISE  ON  FUNCTIONAL  NERVOUS  DISEASES  IN 
WOMEN.     Post  8vo,  about  275  pages,  muslin.     (In  Press.) 

riedical  Record. 

A  WEEKLY  JOURNAL  OF  MEDICINE  AND  SURGERY.  Sub- 
scription price,  $5.00  per  year. 

nillard,  H.  B.,  M.D. 

A  TREATISE  ON  BRIGHT'S  DISEASE  OF  THE  KIDNEYS; 
ITS  PATHOLOGY,  DIAGNOSIS,  AND  TREATMENT.  Third 
edition,  revised  and  enlarged.  8vo,  322  pages,  numerous  original 
illustrations,  muslin,  $3.00. 

Miller,  Maurice  N.,  M.D. 

PRACTICAL  MICROSCOPY.  A  Course  of  Normal  Histology  for 
Students  and  Practitioners  of  Medicine.     8vo,  217  pages,  muslin,  ^a.oo, 

Minot,  Charles  Sedgwick,  M.D., 

Assistant  Professor  of  Histology  and  Embryology  In  the  Harvard  Medical  School,  Boston, 

HUMAN  EMBRYOLOGY.  Royal  8vo,  825  pages,  463  illustrations, 
muslin,  $8.00. 

Moore,  John  William. 

A  TEXT-BOOK.  OF  THE  ERUPTIVE  AND  CONTINUED 
FEVERS.  8vo,  535  pages,  illustrated  with  lithographic  plates  and 
temperature  charts,  muslm.  $4.00. 

Morrow,  P.  A.,  A.M.,  M.D., 

Clinical  Pnifessor  of  Venereal  Diseases ;  Consulting  Surgeim  to  the  B»*llevue  Oiit-r)<M>r  T>epart< 
nient,  etc. 

VENEREAL  MEMORANDA.  A  Manual  for  the  Student  and  Prac- 
titioner. Second  edition.  32mo,  muslin,  $1.00.  (Wood's  Pocket 
Manuals.) 

ATLAS  OF  SKIN  AND  VENEREAL  DISEASES.  One  volume, 
half  morocco.     $35.00.     (Subscription.) 

DRUG  ERUPTIONS.  A  Clinical  Study  of  the  Irritant  Effect  of  Drugs 
upon  the  Skin.     8vo,  206  pages,  one  lithographed  plate,  muslin,  $1.75. 
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Morgan,  C.  E.,  M.D, 

ELECTRO-PHYSIOLOGY  AND  THERAPEUTICS.    Svo,  714  pages, 

muslin,  $1.00. 

Moullin,  C.  W.  JVlanselK 

SPRAINS,  THEIR  CONSEQUENCES  AND   TREATMENT.     8vo, 

321  pages,  inuslln,  $1.50. 

MulleFf  P»»  and  Borner,  E. 

STERILITY;  ERRORS  OF  DEVELOPMENT  OF  THE  UTERUS, 
Svo,  391  pages,  muslin,  $1.50. 

Hurrell,  William,  H.D.,  F.R.C.P.  London. 

CLINICAL  LECTURES  ON  THE  PREVENTION  OF  CONSUMP- 
TION,    lamo,  muslin,  $1.00. 

Neubauer,  C,  M.D.,  and  Vogel,  J-,  M.D, 

A  GUIDE  TO  THE  QUALITATIVE  AND  QUANTITATIVE 
ANALYSIS  OF  THE  URJNE.  Designed  for  Physicians,  Chemists, 
and  Pharmacists.  With  a  Preface  by  Professor  Dr.  R.  Frf.senius, 
Translated  from  the  seventh  enlarged  and  revised  German  edition  by 
Elbkidge  G.  Cutler,  M.D.  Revised  by  Edward  S.  Wood,  M.D. 
Svo.     (New  edition  in  preparation.) 

Noman,  Dr.  D.  Van  Haren. 

iVcifpKMeiir  e.  o.  At)  dlniqun  dermatologlque  et  HjrphlU^raphlque  Ik  la  FAcaltit  de  MMeciiw  d'AXa^ 

tfriUun. 

CASUISTIQUE  ET  DIAGNOSTIQUE  PHOTOGRAPHIQUE  PES 

MALADIES  DE  LA  PEAU.  Consisting  of  photographic  plates, 
with  descriptive  text.  This  work  is  to  be  in  ten  parts,  uobuund. 
Price  complete,  $30.00.     (Five  parts  are  published  so  far.) 

Noyes,  Henry  D.,  fl.D., 

Pruf esisor  uf  OuliiltulnttilD^y  aii<l  Oi«ilu(ry  in  Bellevue  Ho«tp(tAl  Mediml ODtl«K« ;  ExecutlTe  SurgMtt'j 
to  tii4f  Now  York  ¥1y**  Aud  Erf  InAnnary  ;  recently  Pr»ild«at  of  the  Amerkmn  OptathalOMiloicfaal 
Soc'l^^ty.  etc. 

A  TEXT-BOOK  ON  DISEASES  OF  THE  EYE.  Royal  Svo.  83a 
pages,  richly  illustrated  with  chromo-lithographic  plates  and  269 
engravings.     Second  Edition.     Muslin,  ;{6.ooi  sheep,  $7.00. 

Obstetrics  and  Gynecolog:y. 

CVCL(>P.+:i)lA  OF  OHSTEIRICS  AND  GYNECOLOGY.  Twelve 
volumes,  Kvo.  Profusely  illustrated  by  colored  plates.  Lithographs 
in  lint  and  nearly  two  thousand  wood -engravings.     The  set,  $13.00. 


Olshausen,  R. 

DISEASES  OF  THE  OVARIES. 

$1.50. 


Svo,  414   pages,  illusiraied,   muslin. 
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Oldberg,  Oscar,  Ph.D., 

Member  of  the  Committee  of  KeviBion  of  the  Fharmacopceia  of  the  United  States ;  Author  of  the 
"  Unofficial  Pharmacopoeia,"  "  The  Metric  System  in  Medidne,"  etc.;  formerly  Medical  Purreyor 
of  the  XJnlted  States  Marine  Hospital  Serrioe ;  and  Professor  of  Materia  Medica  in  the  National 
Collie  of  Pharmacy,  Washin^rton,  D.  C,  etc.;  and 

Wall,  Otto  A.,  n.D.,  Ph.Q., 

Professor  of  Materia  Medica,  Therapeutics,  and  Pharmacytn  the  Missouri  Medical  College,  and  of 
Materia  Medica  and  Botcuiy  in  the  St.  Louis  Collie  of  Pharmacy  ;  Member  of  the  Committee  of 
Revlslun  of  the  Pharmaoopoela  of  the  United  States,  etc. 

A  COMPANION  TO  THE  UNITED  STATES  FHARMACOPCEIA. 
Second  edition.  Being  a  Commentary  on  the  Pharmacopoeia,  and  con- 
taining the  Descriptions,  Properties,  Uses,  and  Doses  of  all  Official  and 
numerous  Unofficial  Drugs  and  Preparations  in  current  use  in  the 
United  States,  together  with  Practical  Hints,  Working  Formulas,  etc., 
designed  as  a  ready  reference  book  fur  Pharmacists,  Physicians,  and 
Students,  with  over  300  original  illustrations.  Cloth,  $5.00;  leather, 
$6.00. 

Page,  Herbert  W.,  n.A.,  fl.C.  Cantab.,  F.R.C.S.  Eng. 

RAILWAY  INJURIES;  WITH  SPECIAL  REFERENCE  TO 
THOSE  OF  THE  BACK  AND  NERVOUS  SYSTEM  IN  THEIR 
MEDICO-LEGAL  AND  CLINICAL  ASPECTS.  A  complete  re- 
print of  the  English  edition.     8vo,  145  pages,  muslin,  $1.25. 

Page,  R.  C.  n.,  M.D. 

A  PRACTICE  OF  MEDICINE  FOR  STUDENTS  AND  PRAC- 
TITIONERS. (American  Series  of  Medical  Text-Books.)  Second 
edition,     8vo,  559  pages,  illustrated,  muslin,  $4.00. 

Parkes,  E.,  n.D. 

A  MANUAL  OF  PRACTICAL  HYGIENE,  Edited  by  F.  S.  B. 
Francois  de  Chaumont,  M.D.  Sixth  edition.  Witl\  an  Appendix, 
giving  the  American  practice  in  matters  relating  to  hygiene.  Pre- 
pared by  and  under  the  supervision  of  Frederick  N.  Owen,  Civil  and 
Sanitary  Engineer.  Two  volumes  in  one,  8vo,  946  pages.  Illustrated 
with  nine  full-page  plates  and  fine  wood-engravings,  muslin,  $5.00. 

Partridge,  Edward  L.,  n.D., 

New  York  City. 

THE  OBSTETRICAL  REMEMBRANCER.  Profusely  illustrated 
with  miniature  wood-engravings.  (Wood's  Pocket  Manuals.)  32mo, 
muslin,  $1.00. 

Paschkis,  Heinrich. 

COSMETICS.  A  Treatise  for  Physicians.  A  complete  translation  from 
the  German  edition.     204  pages,  paper,  50  cents. 

Paul,  Dr.  &>nstantine. 

Professor  of  Af^ri^K^  In  the  Faculty  of  Medicine  in  Paris,  etc. 

DIAGNOSIS  OF  DISE.ASES  OF  THE  HEART.  8vo,  343  pages, 
illustrated,  muslin,  $1.00. 
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Pavy,  F.  \y.,  n.D.,  F.S. 

A  TREATISE  ON  FOOD  AND  DIETETICS.  Second  edition.  8vo, 
414  pages,  muslin,  $1.00. 

Peabody,  George  L.,  H.D.,  New  York. 

SUPPLEMENT  TO  ZIEMSSEN'S  CYCLOPEDIA  OF  THE  PRAC- 
TICE OF  MEDICINE.  By  Various  Authors.  In  one  royal  8vo 
volume,  844  pages,  bound  to  correspond.  Cloth,  $6.00;  leather,  $7.00; 
half  morocco. $8.00;  also  extra  muslin  (not  corresponding),  $6.00;  and 
red  leather,  ;$7.oo 

Peugnet,  Eugene,  fl.D. 

THE  NATURE  OF  GUNSHOT  WOUNDS  OF  THE  ABDOMEN, 
AND  THEIR  TREATMENT.  Based  on  a  Review  of  the  Case  of  the 
late  James  Fisk,  Jr.,  in  its  Medico-legal  Aspects.  8vo,  96  pages, 
muslin,  $i-25- 

Pictures  for  Physicians'  Offices  and  Libraries. 

Edward  Jenner,  the  first  Inocuia-  I  Prof,  Charcot's  Clinic  at  the  "  Sal  po- 
tion of  Vaccine,  May  14,  1796.  trifere  "  Hospital,  Before  the  Oper- 
Andrew  Vesalius,  the  Anatomist. 


at  ion. 
The  Rebellious  Patient. 
Study  in  Anatomy. 
William  Harvey  Demonstrating  the 

Circulation  of  the  Blood. 
The  Anatomical  Lecture. 
The  Accident. 
The  Doctor. 

Size  of  each,  i9X24inches.     Price,  each  $1.00.     Illustrated  catalogue  sent 

upon  application. 
Prof.  Billroth's  Clinic,  Vienna,  size  24x32,  $2.00. 


Spoonful  Every  Hour. 

The  Sick  Wife. 

Ambrose  Par^  Demonstrating  the 

Use  of  Ligatures. 
The  Young  Mother, 
The  Village  Doctor. 


Piffard,  Henry  Q.,  A.H.,  H.D., 


Pn iffssur  of  I)ernii»ti>lnpy,  L'uiven*ity  t»f  the  City  of  New  York  ;  Surgeon  to  the  Charity  Hospital 
etf. 

A  (JUIOK  TO  URINARY  ANALYSIS  FOR  THE  USE  OF  PHY- 
SICIAN'S AND  STUDENTS.     8vo,  88  pages,  illustrated,  $1.25. 

MATERIA     MKDICA    AND    THERAPEUTICS    OF    THE    SRIN. 

8vo,  351  pages,  muslin,  $1.00. 

CUTANEOUS    MEMORANDA.      (Wood's    Pocket    Manuals.)     32010. 

muslin,  Si.oo. 

Pilcher,  Lewis  S.,  A.n.,  H.D., 

Of  Hruoklyn.  NY. 

THE  TRKArMENr  OF  WOUNDS.  Being  a  Treatise  on  the  Prin- 
ciples upon  which  the  TrcatnieiU  of  Wounds  should  be  Founded,  and 
on  the  Host  Methods  ol  carryiiiii  tlR-m  into  Practice,  including  a  con- 
sideration of  the  Moditications  uhicli  .Special  Injuries  may  demand. 
8vo,  403  pages,  illustrated,  nuislin,  c?i.oo. 
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Phillips,  Cliarles  D-  F.,  n.D.,  F.R.C.S.Em 

Lecturer  on  Materia  Medica,  Westminster  Hospital,  London. 

MATERIA  MEDICA  AND  THERAPEUTICS.  Inorganic  Substan- 
ces. Adapted  to  the  United  States  Pharmacopoeia  by  Laurence  John- 
son, M.D.  Volumes  1.  and  II.  8vo.  Vol.  I.  310  pages;  Vol.  II.  346 
pages.     Muslin,  $r.oo. 

MATERIA  MEDICA  AND  THERAPEUTICS,  Vegetable  Kingdom. 
Revised  and  adapted  to  the  U.  S.  Pharmacopoeia  by  Henry  G.  Piffard, 
A.  VI.,  M.D.,  Professor  of  Dermatology,  University  of  the  City  of  New 
York.     8vo,  327  pages,  muslin,  $1.00. 

Porter,  Wiiliatn  Henry,  n.D., 

L.i.  >  Professor  of  Clinical  Medicine  and  Patholofcy  In  the  New  York  Post-Oraduate  Medical  School 
and  Hospital ;  Curator  to  the  Presbyterian  Hospital. 

A  PRACTICAL  TREATISE  ON  RENAL  DISEASES  AND  URI- 
NARY ANALYSIS.  360  pages,  one  hundred  illustrations,  muslin, 
$300. 

Poulet,  Alfred,  n.D. 

A  TREATISE  ON  FOREIGN  BODIES  IN  SURGICAL  PRAC- 
TICE.   8vo.   Vol.  I.  280  pp.;  Vol.  11.  326  pp.     Muslin,  each  vol.  $1.00. 

Pozzi,  S.,  M.D. 

Professeur  Agr6g6  4  la  Faculty  de  MMedne,  ChinirgleD  de  i'Hdpital  Lourcine- Pascal,  Paris. 

TREATISE  ON  MEDICAL  AND  SURGICAL  GYNECOLOGY. 
Translated  from  the  French  edition,  under  the  supervision  of,  and  with 
additions  by,  Brooks  H,  Wells,  M.D.,  Lecturer  on  Gynecology  at  the 
New  York  Polyclinic;  Fellow  of  the  New  York  Obstetrical  Society,  and 
the  New  York  Academy  of  Medicine.  Two  royal  Svo  volumes  of 
600  pages  each.  Fifteen  beautiful  chromo-lithographic  plates,  besides 
four  hundred  and  seventy  fine  wood-cuts,  some  colored.  Per  volume; 
muslin,  $6.00;  leather,  $7.00;  half  morocco,  $8.00.  Circular  on  ap- 
plication.    (Subscription.) 

Powell,  R.  D. 

LUNGS.     8vo,  muslin,  $1.00. 

Putzel,  L.,  M.D., 

Visiting  Physician  for  Nervous  Diseases.  Ra&dall'ft  Xsland  Hospital ;  PhyBldan  to  the  Class  for 
Nervous  UiaeAHew,  Bellevue  Hospital  Out-Door  Department ;  and  PatholoKlfit  to  the  Lunatlo 
.V^ylum,  Blackwell's  Island. 

A  TRE.VnSE  ON  COMMON  FORMS  OF  FUNCTIONAL  NER- 
VOUS DISEASES.     Svo,  260  pages,  muslin,  $1.00. 

Raba^liati,  A.,  n.A.,  F.R.C.S.  Ed., 

Hontirary  Gj'nocologidt,  Late  Senior  Honorary  Surgeon,  Bradford  Infirmary. 

SYMPTOMS  WHICH  SIMULATE  DISEASE  OF  THE  PELVIC 
ORGANS  IN  WOMEN,  and  their  treatment  by  AUo-Piesto-Myo- 
Kinetics  (Massage),  and  by  Auio-Piesto-Myo-Kinetics  (Self-movements 
of  muscles  under  pressure).  Svo,  illustrated  by  six  full-page  heliogra- 
vure plates,  muslin,  $1.50. 
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Ranney,  Ambrose  L.,  A-il.,  n.D., 

A(ljum-t  Profeiwor  of  AoaUiiny.  and  Late  Lecturer  on  the  Surxlcal  DlBeaaee  of  the  Oenito-Urinary 
Organs,  and  on  Minor  Kunter}'  in  the  Medical  DepartJnent  of  the  University  of  the  City  at  New 
York  :  Late  Surgeon  to  the  Northwestern  and  Northern  Dispensaries  ;  Resident  Fellow  of  the 
New  York  Academy  of  Medicine  ;  Member  of  the  Medical  Boclety  of  the  County  of  New  York, 
etc. 

A  PRACTICAL  TREATISE  ON  SURGICAL  DIAGNOSIS.  DE- 
SIGNED AS  A  MANUAL  FOR  PRACTITIONERS  AND  STU- 
DENTS.    Revised  edition  in  preparation. 

PRACTICAL  MEDICAL  ANATOMY.  A  Guide  to  the  Physician  in 
the  Study  of  the  Relations  of  the  Viscera  to  each  other  in  Health  and 
Disease,  and  in  the  Diagnosis  of  the  Medical  and  Surgical  Conditions 
of  the  Anatomical  Structures  of  the  Head  and  Trunk.  Illustrated. 
8vo,  35  r  pages,  muslin,  $i.oo. 

Reference  Handbook  of  the  Medical  Sciences. 

By  various  authors.  Edited  by  Albert  H.  Buck,  M.D.,  Clinical  Pro- 
fessor of  the  Diseases  of  the  Ear,  in  the  College  of  Physicians  and  Sur- 
geons, New  York;  Consulting  Aural  Surgeon,  New  York  Eye  and  Ear 
Infirmary.  Nine  volumes,  impeiial  8vo,  muslin,  $6.00  per  volume; 
leather,  $7.00  per  volume;  half-morocco,  $8.00  per  volume.  (Subscrip- 
tion.)    Circular  on  application. 

Reynolds,  Edward, 

Fellow  of  the  American  flvnet^ilopk-al  Society;  of  the  Obstetric  Sodety  of  Boston,  etc.;  Assistant 
In  Obstetrics  In  Harvanl  rniversity;  Physician  to  Out-Patlents  of  the  Boston  Lying-in  Hos- 
pital, etc. 

PRACTICAL  MIDWIFERY.  A  Handbook  of  Treatment.  Second  re- 
vised edition.     8vo,  424  pages,  105  illustrations,  muslin,  $2  50. 

Richet,  Chas.,  A.il.,  fl.D.,  Ph.D., 

Funnel'  Interne  of  the  IIoHpitiil  of  Paris. 

I'HVSIOLOGV  AND  HISTOLOGY  OF  THE  CEREBRAL  CON- 
VOLUTIONS: ALSO.  POISONS  OF  THE  INTELLECT.  Trans- 
lated by  Edward  1*.  Fowlek,  M.D.  8vo,  170  pages,  illustrated,  mus- 
lin, $1.50. 

Ringer,  Sidney,  n.D., 

Pn.ft's-ini-nf  tin-  Piitifiplfsainl  Pnit'tk-eof  Mt^Ucinfinl.'nivcrHityCoUetfe;  Physician  to  University 

t.'(illft:i'  Hospital. 

A  HANDBOOK-  OK  THERAPEITICS.  WITH  DIETARY  AND 
INDEX  OK  DISEASES.  Twelfth  edition.  8vo,  535  pages,  muslin, 
$5.00:  leather.  $6  00. 

Roth,  Otto. 

THE     MA  IKRIA     MKIUCA    OK     MODERN     MEDICINE.      Second 

edition.     Translated  from  the  reviseil   Oerman  edition   and  adapted  to 
the  U.S.  Pharniacopu-ia.      Svo.  467  pages,  muslin,  $2.00. 
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Roosa,  D.  B.  St.  John,  11.0., 

Professor  of  Diseasefi  of  the  Eye  and  Ear  in  the  UnlvenUty  of  the  City  of  New  York  ;  Suiyeon  to 
the  Manhattan  Eye  and  Ear  Hoftpital ;  ConsuItiDR  Sureeon  to  the  Brooklyn  Eye  anil  Ear 
Hospital :  formerly  President  of  the  Medical  Society  of  the  State  of  New  York  ;  Corresponding 
Member  of  the  Medlco-Chirurgical  Society  of  Edinburgh ;  Member  of  the  Medli»l  Society  of  the 
County  of  New  York,  etc. 

TEXT-BOOK  ON  DISEASES  OF  THE  EYE.  Including  a  sketch 
of  its  anatomy.  Illustrated  by  178  engravings  and  2  chromo-lithogra- 
phic  plates.     Cloth.  $:. 50;   sheep.  $6.30. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  THE  EAR. 
INCLUDING  THE  ANATOMY  OF  THE  ORGAN.  Seventh  edi- 
tion. One  volume,  8vo,  763  pages,  illustrated  by  140  wood-engravings 
and  chromo-lithographs,  muslin,  $5.50;  leather,  $6.50. 

A  VEST-POCKET  MEDICAL  LEXICON.  Being  a  Dictionary  of  the 
Words,  Terms,  and  Symbols  of  Medical  Science.  Collated  from  the 
best  authorities,  with  the  additions  of  words  not  before  introduced  into 
a  Lexicon.  With  an  Appendix.  Third  revised  and  enlarged  edition. 
One  volume,  64mo,  roan,  75c.,  or  tucks,  $1.00. 

THE  OLD  HOSPITAL  AND  OTHER  PAPERS.  Being  the  second 
revised  and  enlarged  edition  of  "A  Doctor's  Suggestions."  8vo,  320 
pages,  gilt  top,  uncut,  dark  olive  cloth,  $3.00. 

Roosa,  D.  B.  St-  John, Tl.D.,  and  Ely,  Edward  T.,  n.D. 

OPHTHALMIC  AND  OTIC  MEMORANDA.  (Wood's  Pocket  Man- 
uals.)    Fourth  edition.     One  volume,  32mo,  298  pages,  muslin,  $1.00. 

Routh,  C.  H.  F.,  n.D. 

INFANT  FEEDING,  AND  ITS  INFLUENCE  ON  LIFE;  or.  The 
Causes  and  Prevention  of  Infant  Mortality.  Third  edition.  8vo,  286 
pages,  muslin,  $1.00. 

Sachs,  B.,  n.D., 

ProfesHor  of  Menliil  and  Nervous  Diseases  In  the  New  York  Polyclinic  ;  Conaultlnf?  Neurologist  to 
the  Mt.  Sinai  Hospital ;  Neurologist  tu  the  Monteflore  Home  for  Chronic  Invalids  ;  Ex-President 

of  the  American  Neurological  AsHOclation. 

A  TREATISE  ON  THE  NERVOUS  DISEASES  OF  CHILDREN, 
For  Physicians  and  Students.  8vo,  688  pages,  profusely  illustrated, 
colored  plate,  muslin,  I5.00. 

Salomonsen,  C.  J.,  and  Trelease,  William. 

BACTERIOLOGICAL  TECHNOLOGY  FOR  PHYSICIANS.  Au- 
thorized translation  from  the  Second  Revised  Danish  edition.  8vo,  163 
pages,  72  illustrations,  muslin,  $1.25. 


Salter,  Henry  Hyde,  n.D., 


Fellow  of  the  Royal  Colle'ie  of  Physicians  :  Physician  to  Charine  Cross  Hospit&l,  and  I..ecturer  on 
the  Principles  and  Practice  of  Medicine,  at  th-.t  Charing  CY.ihs  Hospital  Medical  Sciiool. 

ON    ASTHMA;     ITS    PATHOLOGY    AND     TREATMENT.      Svo, 
muslin,  $1.00. 
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Salter,  S.  James  A.,  fl-B.,  F.R.S., 

Member  uf  the  R^iyal  CoUe^  of  Burgeons  and  Esatniner  in  Dental  Burgwy  at  the  OoUegv : 
Surgeon  tu  Guy'ii  HospitaL 

DENTAL  PATHOLOGY  AND  SURGERY.    8vo,  399  pages,  illustrated, 

muslin.  $4.50. 

Savage,  Henry,  M.D., 

Fellow  of  the  Royal  College  of  Surgeons  of  England,  one  of  the  CoDSUlting  Medical  OOksexn  at  tbe 
Samaritan  Hospital  for  Womoi. 

THE  SURGERY,  SURGICAL  PATHOLOGY,  AND  SURGICAL 
ANATOMY  OF  THE  FEMALE  PELVIC  ORGANS,  in  a  Series  of  32 
Plates  taken  from  Nature,  with  Commentaries,  Notes,  and  Cases.  Third 
edition,  revised  and  greatly  extended.     8vo,  119  pages,  moslin,  $1.00. 

Schmidt-Rimpler,  Dr.  Herman, 

Professor  of  Ophtbalmolog>'  and  Diseases  of  the  Ophthalmoscopic  Clinic  at  Martnirg,  niimaiij 

OPHTHALMOLOGY  AND  OPHTHALMOSCOPY.  A  Complete 
Treatise  upon  Diseases  and  Injuries  to  the  Eye,  for  Students  and  Prac- 
titioners of  Medicine.  Revised  and  edited  by  D.  B.  St.  John  Roosa, 
M.D.,  Professor  of  Diseases  of  the  Eye  and  Ear  in  the  New  York  Post- 
Graduate  Medical  School;  Surgeon  to  the  Manhattan  Eye  and  Ear 
Hospital,  etc.  Royal  8vo,  5  7 1  pages,  illustrated  by  1 83  wood-engravings 
and  by  three  colored  plates,  muslin,  $6.00. 

Schreiber,  August. 

GENERAL  ORTHOPEDICS,  INCLUDING  ORTHOPEDIC  SUR- 
GERY.    Complete  translation  from  the  original  German  edition.     8vo, 

357  P^g^cs.  38S  illustrations,  muslin,  $1.75. 

Schroeder,  Aimee  Raymond,  M.D. 

HEALTH  NOTES   FOR   YOUNG   WIVES.     i2mo,  218  pages,  fancy 

half  cloth.  $1.00. 

See,  Germain, 

Slember  of  the  Faculty  of  Medicine  :  Member  of  the  Academy  of  Medicine :  Fhyaiciaa  to  the  Hotel 
Pieu.  etc.,  Paris. 

DISEASES  OF  THE  LUNGS,  OF  A  SPECIFIC,  NON-TUBERCU- 
LOUS NATURE.  Translated  by  E.  P.  Hurd,  M.D.,  Member  of  the 
Massachusetts  Medical  Society ;  Vice-President  of  the  Essex  North 
District  Medical  Society;  One  of  the  Physicians  to  the  Anna  Jaqucs 
Hospital,  Newburjport.  Mass.  With  an  Appendii  by  the  Translator  oa 
the  GEnii  Theorj-  of  Disease^  and  on  the  Tubercle  BaciUias.  8vo,  433 
pages,  muslin,  $1.00. 

Seguiti,  E.,  M.D. 

MF.IUCAL     Miis     (M^-   (vv     j^^U    HUMAN    TEMPERATURE. 

8vo,  44«;  p-v;       ■  I  ,■,.!  ■,-..<  '!i«grani^  muslin.  $30°- 
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Semeleder,  Dr.  Friedrich, 

FbvHiclan  In  Ordinary  to  his  Hftleaty,  the  Emperor  of  Mexico ;  Hwnber  of  the  Royal  Hedloal 
Society  of  Vienna  and  of  the  Medical  Society  of  Pantheon  in  Parts ;  Formerly  Member  of  the 
Medical  Faculty  of  the  University  of  Vienna,  and  Surgeon  to  the  Branch  Hospitalat  Qumpendorf . 

RHINOSCOPY  AND  LARYNGOSCOPY:  THEIR  VALUE  IN 
PRACTICAL  MEDICINE.  Translated  from  the  German  by  Edward 
T.  Caswell,  M.D.  With  woodcuts  and  two  chromo-lithographic  plates. 
8vt),  19Z  pages,  muslin,  $3.25. 

Sexton,  Samuel,  M.D., 

AunU  Burgecm  to  the  New  York  Eye  and  Ear  Infirmary ;  Fellow  of  the  American  OtoloKknl 
Society ;  Fellow  of  the  New  York  Academy  of  Medldne ;  Member  of  the  Medical  Sodety  01  the 
County  of  New  York,  and  of  the  PractitionerB''  Society  of  New  York. 

THE  EAR  AND  ITS  DISEASES,  BEING  PRACTICAL  CONTRI- 
BUTIONS TO  THE  STUDY  OF  OTOLOGY.  Edited  by  Christ- 
opHER  J.  CoLLES,  M.D.     8vo,  473  P^£^cs,  illustrated,  muslin,  $4.00. 

Shuter,  James,  F.R.C.S.,  M.A.,  M.B.  Cantab., 

Assistant  Surveon  to  the  Royal  Free  Hospital ;  late  Demonstrator  of  Physiology,  and  Assistant 
Demonstrator  of  Anatomy,  at  St.  Bartholomew's  Hospital. 

HUMAN  OSTEOLOGY.  Comprising  a  Description  of  the  Bones,  with 
Delineations  of  the  Attachments  of  the  Muscles,  The  General  and  Mi- 
croscopic Structure  of  Bone  and  its  Development.  Sixth  edition.  With 
sixty-six  full-page  lithographic  plates  and  eighty-nine  wood -engravings. 
8vo,  285  pages,  muslin,  $1.00. 


Skene,  Alexander  J.  C,  M.D.,   ^ 

Professor  of  the  Diseases  of  Women,  in  the  Lone  Island  College  Hospital ;  Fellow  of  the  Amerioan 
Gynecological  Society ;  Oorrespondinx  Member  of  the  Gynecoli^cal  Society  of  the  County  of 
Kings,  and  of  the  Obstetrical  Society  of  New  York. 

DISEASES  OF  THE  BLADDER  AND  URETHRA  IN  WOMEN. 
Second  revised  edition.     8vo,  374  pages,  illustrated,  muslin,  $3.00. 

Smart,  Chas.,  M.D.,  Major  U.S.A. 

A  HANDBOOK  FOR  THE  HOSPITAL  CORPS  OF  THE  UNITED 
STATES  ARMY  AND  STATE  MILITARY  FORCES.  Nearly  600 
pages,  measuring  about  4x5  inches,  green  teather,with  metal  clasp,  $2. 50. 

Starr,  M.  Allen,  M.D.,  Ph-D,, 

Professor  of  Diseases  of  the  Mind  and  Nervous  System ;  Colle^  of  Physicians  and  Siirgemis,  New 
York. 

FAMILIAR  FORMS  OF  NERVOUS  DISEASE.  With  illustrations, 
diagrams,  and  charts.     Svo,  350  pages,  muslin,  $3.00. 

BRAIN  SURGERY.     8vo,  306  pages,  illustrated,  muslin,  $3.00. 

Steel,  J.  H„  M.D. 

OUTLINE  OF  EQUINE  ANATOMY.  A  Manual  for  the  use  of  Veteri- 
nary  Students  in  the  Dissecting  Room.     i2mo,  31a  pages,  muslin,  $3.00. 
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Stellwag:  (von  Cation),  Dr.  Carl, 

Professor  of  Ophthalmology  la  the  Imperial  Royal  University  of  Vienna. 

TREATISE  ON  THE  DISEASES  OF  THE  EYE,  INCLUDING 
THE  ANATOMY  OF  THE  ORGAN.  One  volume,  8vo,  915  pages, 
illustrated  by  wood-engravings.  Muslin,  $5.00;  leather,  $6.00.  This 
work  is  nearly  "  out  of  print,"  and  the  few  copies  remaining  have  no 
colored  plates. 

Sternberg,  George  M.,  M.D.,  F.R.M.S., 

Sureeon-Oenerat  U.  S.  Army  ;  Director  of  the  Hoegland  Laboratory,  Brooklyn,  N.  Y.;  Hcmwmry 
Member  of  the  Epidemiological  Society  of  London,  of  the  Royal  Academy  of  Medicine  of  Rome, 
of  the  A(»demy  of  Medicine  of  Rio  de  Janeiro,  of  the  American  Academy  of  Medicine,  ^<c. 

A  MANUAL  OF  BACTERIOLOGY.  Illustrated  by  heliotype  and 
chromo-lithographic  plates  and  321  engravings.  8vo,  850  pages,  muslin, 
$8.00  ;  leather,  $9.00  (net). 

MALARIA  AND  MALARIAL  DISEASES.  8vo.  332  pages,  muslin, 
$1.00. 

IMMUNITY:  PROTECTIVE  INOCULATIONS  IN  INFECTIOUS 
DISEASES  AND  SERUM-THERAPY.  Post  8vo,  332  pages,  muslin, 
$2.50;  flexible  morocco,  $3.25. 

Stewart,  T.  Grainger,  M.D.,  F,R.S.E-, 

Fellow  of  the  Royal  College  of  PhyBlclans ;  Physician  to  the  Royal  taflnnary ;  Lecturer  on  Clinic*! 
Medicine ;  formerly  Patholo^t  to  the  Royal  iDflrmary ;  Lecturer  in  Qeneral  Pathol<^y  at 
Surtceons'  Hall,  and  Physician  to  the  Royal  Hospital  for  Sick  Children ;  Extraordinary  Memb» 
and  formerly  President  of  the  Royal  Medical  Society  of  Edinburgh. 

CLINICAL    LECTURES     ON     ALBUMINURIA.      8vo,   261    pages, 

muslin,  $2.25. 

A  PRACTICAL  TREATISE  ON  BRIGHT'S  DISEASE  OF  THE 
KIDNEYS.  8vo,  334  pages,  illustrated  with  seven  lithographic  plates, 
muslin,  $4.50. 

Surgery,  International  Encyclopedia  of. 

By  various  authors.  Edited  by  Dr.  John  Ashhurst,  Jr.  Six  volumes, 
imp.  8vo,  of  about  950  pages  each,  muslin,  $6.00  ;  leather,  $7.00  ;  half 
morocco,  $8.00.     Send  for  circulars.     (Subscription.) 

Supplement    to    the    International    Encyclopedia    of 
Surgery. 

One  imp.  8vo  volume,  of  about  1,050  pages,  illustrated,  muslin,  $6.00; 
leather,  $7.00  ;  half  morocco,  $8.00.     (Subscription.)     (In  Press.) 

Tait,  Lawson,  M.D 

DISEASES  OF  WOMEN.  A  new  edition,  with  considerable  additions, 
prepared  by  the  author  expressly  for  Wood's  Library.  8vo,  204  pages, 
illustrated,  muslin,  $1.00. 
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Taylor,  R.  W.,  M.D., 


Surgeon  to  the  New  York  Dispensary,  Department  of  Venereal  and  Skin  Diseases;  Physician  to 
Charity  Hoepital,  New  York. 

SYPHILITIC  LESIONS  OF  THE  OSSEOUS  SYSTEM  IN  INFANTS 
AND  YOUNG  CHILDREN.     8vo,  179  pages,  muslin,  $2.50. 

Tidy,  Charles  Meymott,  M.D-,  F.C.S., 

Master  of  Surgery,  Professor  of  Chemistry-  and  of  Forensic  Medicine  and  Public  Health  at  the 
London  Hospital .  Medical  Ofllcer  of  Health  for  iBliogton ;  late  Deputy  Medical  Officer  of  Health 
and  Public  Analyst  for  the  City  of  London,  etc. 

Volume  I.— LEGAL  MEDICINE.  With  two  colored  plates.  Contents: 
Evidence — The  Signs  of  Death — Identity — The  Causes  of  Death — 
The  I'ost-mortem.  , 

Volume  II. — LEGAL  MEDICINE.  Contents:  Expectation  of  Life — 
Presumption  of  Death  and  Survivorship — Heat  and  Cold — Burns — 
Ligaturing  —  Explosives  —  Starvation — Sex — Monstrosities — Hermaph- 
rodism. 

Volume  III.— LEGAL  MEDICINE,  Contents:  Legitimacy  and  Paternity 
— Pregnancy — Abortion — Rape,  Indecent  Exposure — Sodomy,  Bestiality 
— Live  Birth,  Infanticide — Asphyxia,  Drowning — Hanging,  Strangula- 
tion— Suffocation.     Volumes  sold  separately.     8vo,  muslin,  $1.00  each. 

Tilt,  Edward  John,  M.D. 

A  HANDBOOK  OF  UTERINE  THERAPEUTICS  AND  DISEASES 
OF  WOMEN,     Fourth  edition.     3vo,  204  pages,  muslin,  $1.00. 

Twentieth  Century  Practice. 

AN  INTERNATIONAL  ENCYCLOPEDIA  OF  MODERN  MEDICAL 
SCIENCE.  By  Leading  Authorities  of  Europe  and  America.  Edited 
by  Thomas  L.  Stedman,  M.D.,  New  York  City.  To  be  completed  in 
20  volumes,  royal  8vo,  published  one  every  three  months.  Muslin, 
$5.00;  leather,  $6.00  ;  half  morocco,  $7.50.  Three  volumes  now  ready. 
(Subscription.)     Circulars  on  application. 

Verrier,  E.,  M.D., 

Professor  of  Obstetrics  In  the  New  York  PcB.-Q.-aJ^ua-e  Hriical  School. 

PRACTICAL  MANUAL  OF  OBSTETRICS.  Fourth  edition,  enlarged 
and  revised,  with  four  Obstetric  Tables  of  Professor  Pajot.  First 
American  edition,  with  revision  and  annotations  by  Edward  L.  Par- 
tridge, M.D.     8vo,  420  pages,  105  wood-engravings,  muslin,  $1.00. 

Visiting  List  (Medical  Record),  or  Physician's  Diary. 

Kevised  f:jr  1K06. 

Containing  all  the  valuable  features  of  previous  publications  of. this  sort. 

Prices:    For  thirty  patients  a  week,   handsome   red  or   black  leather 

binding,  with  or  without  dates,  $1.25;  for  sixty  patients  a  week,  same 

style,  with  or  without  dates.  $1.50. 
Removable,  fitting  into  black  sealskin  and  calf  wallets,  from  $2.50  to  $4.00. 

Send  for  a  circular. 


28  PUBLICATIONS  OF  WILLIAM  WOOD  &  COMPANY. 

Von  Troeltsche,  A. 

DISEASES  OF  THE  EAR  IN  CHILDREN.  8vo,  165  pages,  muslin, 
$1.50. 

Wagner,  Ernst,  M.D., 

ProfeHKor  of  Oeoeral  Pathology  and  Pathological  Anatomy  In  the  Univeralty  of  Leipsic ;  Director 
of  the  Medical  Polyclinic  of  ILelpfilc. 

A  MANUAL  OF  GENERAL  PATHOLOGY.  For  the  use  of  Students 
and  Practitioners  of  Medicine.  Translated  from  the  Sixth  German 
edition  by  John  Van  Duyn,  A.M.,  M.D.  Professor  of  Anatomy  and 
Histology  in  the  Medical  School  of  Syracuse  University,  N.  Y.,  and 
E.  C.  Seguin,  M.D.,  Clinical  Professor  of  Diseases  of  the  Mind  and 
Nervous  System  in  the  College  of  Physicians  and  Surgeons,  New  York. 
One  volume,  8vo,  728  pages,  muslin,  $5.50. 

Walsham,   W.  J.,  n.B.,  Cfl,  Aberd.,   F.R,C.S.   Eng. 

Senior  Assistant-Surveon,  Burg»on-ln-Chai^e  of  the  Orthopedic  Department  and  Lecturer  in 
Anatomy, St.  BarthoIomew'sHospital,  Ix)ndon. 

Hughes,  Wm.  Kent,  fl.B.  Lond.,  n.B.  rielb., 
n.R.C.S.  Eng.,  L.R.C.Pm  Lond. 

Orthopedic  Surgeon,  St.  Vincent's  tlospitid ;  Assistant-Surgeon  Children's  Hospital,  Hdboume. 

THE  DEFORMITIES  OF  THE  HUMAN  FOOT  WITH  THEIR 
TREATMENT.  558  pages,  post  8vo,  profusely  illustrated  by  296 
engravings,  muslin,  $4.50. 

Warren,  J.  Collins,  M.D., 

AsKiHtant  Pmfe88or  of  Sureery.  Harvard  University ;  Surgeon  to  the  Massachusetts  Qenerd 
HuHpital;  Member  Amencan  Sun^cal  Association;  Honorary  Fellow  Philadelphia  Academy  of 
Surgerj-. 

THE  HEALING  OF  ARTERIES  AFXER  LIGATURE  IN  MAN 
.AND  ANIMALS.  8vo,  184  pages.  Superbly  illustrated  with  twelve 
full-page  plates  in  black  and  colors.     Muslin,  $3.35. 

Weisse,  Faneuil  D.,  M.D., 

Professor  <if  I'ractical  anil  Surgical  Anatomy  in  the  Me<lical  Department  of  the  University  of  the 
City  of  New  York  ;  l*rofesaor  of  Regional  Anatomy  in  the  New  York  College  of  I)entistr>'.  etc., 
etc. 

PRACTICAL  HUMAN  ANATOMY.  Third  edition.  A  Working 
Guide  for  Students  of  Human  Anatomy  and  a  Retrospect  for  Prac- 
titioners of  Medicine  and  Surger}'.  8vo,  two  hundred  and  twenty-two 
full-page  plates,  muslin,  $6.00;  leather,  $7.00.  In  four  volumes, 
enamelled  cloth,  round  corners,  $6.00. 

Wendt,  Edmund  C,  M.D., 

Curator  of  St.  Francis'  Hospital ;  I'atliologlHt  and  Curator  of  the  New  Y'ork  Infant  HospitAl.  etc. 

A  TREATISE  ON  CHOLERA.  Edited  and  prepared  in  Association 
with  John  C.  Peters,  M.!).,  New  York  ;  John  B.  Hamilton.  M.D., 
Surj):eon-General  U.  S.  Marine  Hospital  Service,  and  Ei,v  McClellan, 
M.U.,  Surgeon  U.  S.  Army.  8vo,  503  pages,  illustrated  with  maps 
and  engravings,  $3.00. 
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Whittaker,  J.  T.,  M.D.,  LL.D., 

Professor  of  the  Theory  and  Practice  of  MedE^^lne,  Medical  CoU^e  of  Ohio,  etc.,  etc. 

A  PRACTICE  OF  MEDICINE,  PREPARED  FOR  STUDENTS  AND 
PRACTITIONERS.  8vo,  700  pages,  illustrated,  muslin,  $5.75; 
leather,  $6.50. 

Williams,  J.  W.  Hume, 

Of  the  Middle  Temple,  Barrister-at-Law,  London. 

UNSOUNDNESS  OF  MIND  IN  ITS  LEGAL  AND  MEDICAL 
CONSIDERATIONS.  A  comple  reprint  of  this  important  work.  8vo, 
166  pages,  $1.50. 

Wilson,  James  C,  M.D., 

Attending  Physician  to  the  Philadelphia  Hospital,  and  to  the  Hospital  of  the  Jefferson  Medlca' 
Collef;:e,  and  Lecturer  on  Physical  Diagnows  at  the  Jeffenion  Medical  College :  Fellow  of  tht 
Ckillege  of  PhysicianB,  Philadelphia,  etc. 

A  TREATISE  ON  THE  CONTINUED  FEVERS.  With  an  intro- 
duction by  J.  M.  Da  Costa,  M.D.     8vo,  muslin,  $1.00. 

Witthaus,  R.  A.,  A.M.,  M.D., 

Professor  of  Medical  Chemistry  and  Toxicology  *"  the  University  of  Vermont ;  Member  of  the 
Chemical  Societiee  of  Paris  and  Berlin,  etc. 

THE  MEDICAL  STUDENT'S  MANUAL  OF  CHEMISTRY. 
(American  Series  of  Medical  Text-Books.)  Fourth  revised  edition. 
556  pages  and  62  woodcuts,  muslin,  $3.75. 

ESSENTIALS  OF  CHEMISTRY  AND  TOXICOLOGY.  For  the 
Use  of  Students  in  Medicine.  Twelfth  edition.  (Wood's  Pocket 
Manuals.)     32mo,  319  pages,  muslin,  $1.00. 

GUIDE  TO  URINALYSIS  AND  TOXICOLOGY.  For  Students 
and  Practitioners.  Third  revised  edition.  Obiong  i2mo,  153  pages, 
interleaved,  muslin,  $1.00. 

Witthaus,  R.  A.,  M.D.,  and  Becker,  T.  C,  Esq. 

MEDICAL  JURISPRUDENCE  AND  TOXICOLOGY.  Four  vol- 
umes, 8vo,  bound  in  cloth  and  leather,  at  I5.00  and  $6.00  respectively. 
Volumes  L  and  II.  now  ready.    (Subscription.)   Circulars  on  application. 

Wood's  Household  Practice  of  Medicine,  Hygiene,  and 
Surgery. 

A  Practical  Treatise  for  the  Use  of  Families,  Travellers,  Seamen,  Miners, 
and  others.  By  various  Authors.  8vo,  765  pages,  illustrated  by 
colored  lithographic  plates  and  five  hundred  fine  wood-engravings. 
Muslin,  $5.00;  brown  leather.  $6.00;  half  morocco,  $7.50. 

Wood's  Index  Rerum. 

The  finest  arrangement  yet  devised  for  all  ready  record  and  reference 
purposes.  For  professional  use  in  recording  your  cases,  or  in  grouping 
your  cases  from  your  case  bonks.  Patent  index.  Vowel  arrange- 
ment.    Bound  for  permanency  in  ledger  binding,  $5.00. 
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Wyeth,  John  A.,  M.D. 

Member  of  the  New  York  Oounty  Hedlcsl  Society,  the  New  York  FathoI<^cal  Society ;  Hononrjr 
Hember  of  the  College  of  Ph^cians  and  Sur^^eons  of  Little  Rock,  Arkansas. 

A  HANDBOOK  OF  MEDICAL  AND  SURGICAL  REFERENXE. 
i2mo,  279  pages,  tucks,  $1.50. 

ESSAYS  IN  SURGICAL  ANATOMY  AND  SURGERY.  8vo,  262 
pages,  illustrated,  muslin,  $2.00. 

Yons^e,  Eugene  S.,  n.B.,  Edinburgh. 

AIDS  TO  SURGICAL  ANATOMY.     i6mo,   158  pages,  muslin,  $1.00. 

Ziegler,  Ernst, 

Professor  of  Pathological  Anatomy  and  of  Oeneral  Pathology  in  the  University  of  Freiburg. 

TEXT-BOOK  OF  GENERAL  PATHOLOGY.  Royal  8vo.  about  700 
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